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PREFACE  TO  THE  SIXTEENTH  EDITION. 


The  rapid  sale  of  the  fifteenth  edition  has  necessitated 
the  issue  of  another.  The  present,  the  sixteenth,  edition 
is,  however,  not  a  mere  reprint,  but  where  necessary  the 
subject-matter  has  been  brought  fully  up  to  date. 


W.  D.  HALLIBURTON- 


Kino's  Collsob,  London. 
January^  1900. 


■I 

PREFACE  TO  THE  FIFTEENTH  EDITION. 


Considerable  activity  lias  characterised  all  branches  of 
physiological  research  during  the  short  time  that  has 
elapsed  since  the  publication  of  the  last  edition  of  this 
Handbook.  All  the  important  facts  which  have  been  thus 
discovered  I  have  endeavoured  to  incorporate  in  the  present 
edition.  I  am  much  indebted  to  numerous  correspondents 
in  this  country  and  in  America  for  pointing  out  a  number 
of  minor  errors,  which  escaped  me  when  correcting  the  last 
edition  for  press ;  these  I  have  taken  the  opportunity  to 
rectify.  I  have  specially  to  thank  Dr.  Leonard  Hill,  who 
has  given  me  much  assistance  in  amplifying  the  chapter 
on  the  Circulation  of  the  Blood. 

I  have  also  modified  the  order  in  which  the  subjects  are 
treated :  the  Central  Nervous  System  is  now  placed  towards 
the  end  of  the  book.  This  step  has  been  taken  in  response 
to  the  wishes  of  numerous  teachers. 

The  reception  the  book  has  had,  has  given  me  much 
gratification,  and  I  can  only  hope  that  the  additions  and 
alterations  now  introduced  will  increase  the  usefulness  of 
the  work  both  to  students  and  to  teachers. 


W.  D.  HALLIBUETON. 


KiN(;'s  CoLLF/JE,  London. 
Jatm^ri/y  1899. 


PREFACE  TO  THE  FOURTEENTH  EDITION. 


The  present  edition  of  this  Handbook  has  been  re- 
arranged, and  to  a  great  extent  re-written.  In  fact,  with 
the  exception  of  nomeroos  illustrations,  and  a  few  pages 
here  and  there  which  treat  of  anatomical  detail  or  describe 
Lnstraments,  and  which  have  only  been  subjected  to  minor 
alterations,  the  book  is  a  new  one. 

In  re-writing  the  book,  I  have  endeavoured  to  bear  in 
mind,  that  it  is  intended  for  the  use  of  medical  students, 
and  I  have  also  retained  what  has  always  been  one  of  its 
special  features,  namely,  that  it  treats  of  Histology  as  well 
as  of  Physiology  proper. 

The  number  of  new  illustrations  is  numerous.  For  leave 
to  borrow  blocks  or  to  copy  figures  I  am  greatly  indebted 
to  the  Editors  of  "  Quain's  Anatomy,"  Pro£  Schafer, 
Prof.  McKendrick,  Dr.  Waller,  Sir  W.  Gtowers,  Dr.  Mott, 
Dr.  Brodie,  Dr.  Starling,  and  the  late  Sir  George  Johnson. 

The  new  figures  have  been  executed  throughout  b} 
Messrs.  Walker  and  Boutall,  whom  I  have  to  thank  for  the 
care  which  they  have  bestowed  on  the  work. 


W.  D.  HALLIBURTON. 


Kino's  Colleor,  London. 
July,  1896. 
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CHAPTER    I. 

INTRODUCTORY. 

BioLot!Y  is  "the  science  that  treats  of  living  things,  and  it  is 
divided  into  two  main  branches,  which  are  called  respectively 
Morphology  and  Physiology.  Morphology  is  the  part  of  the 
science  that  deals  with  the  form  or  structure  of  living  things,  and 
with  the  problems  of  their  origin  and  distribution.  Phynoloijy^ 
on  the  other  haixl,  treats  of  their  functions,  that  is,  the  manner 
in  which  their  individual  parts  carry  out  the  processes  of  life.  To 
take  an  instance :  the  eye  and  the  liver  are  two  familiar  examples 
of  what  are  called  organs ;  the  anatomist  studies  the  structure  of 
these  organs,  their  shape,  their  size,  the  tissues  of  which  they  are 
composed,  their  position  in  the  body,  and  the  variations  in  their 
structure  met  with  in  dtfferent  parts  of  the  animal  kingdom.  The 
physiologist  studies  their  uses,  and  seeks  to  explain  how  the  eye 
fulfils  the  function  of  vision,  and  how  the  liver  forms  bile,  and 
ministers  to  the  needs  of  the  body  in  other  ways. 

Each  of  these  two  great  branches  of  biological  science  can  be 
further  subdivided  according  as  to  whether  they  deal  with  the 
animal  or  the  vegetable  kingdom;  thus  we  get  vegetable  phy- 
siology and  animal  physiology.     Human  Physiology  is  a  large  and 
important  branch  of  animal  physiology,  and  to  the  student  of 
medicine   is   obviously  the  portion    of   the  science  that  should 
.interest  him  most.     In   order  to  understand   morbid  or  patho-f 
llogical  processes  it  is  necessary  that  the  normal  or  physiological 
rfunctions  should  be  learnt  first.     Physiology  is  not  a  study  which 
can  be  put  aside  and  forgotten  when  a  certain  examination  has  been 
passed  ;  it  has  a  most  direct  and  intimate  bearing  in  its  application 
to  the  scientific  and  successful  investigation  of  disease.     It  will 
be  my  endeavour  throughout  the  subsequent  pages  of  this  book  to 
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point  out  from  time  to  time  the  practical  relatiouships  between 
physiology  and  pathology. 

Human  physiology  will  be  our  chief  theme,  but  it  is  not  a  por- 
tion of  the  great  science  that  can  be  studied  independently  of  its 
other  {X)rtion8.  Thus,  many  of  the  experiments  upon  which  our 
knowledge  of  human  physiology  rests  have  been  performed 
principally  on  certain  of  the  lower  animals.  In  order  to  obtain  a 
wide  view  of  vital  processes  it  will  be  occasionally  necessary  to  go 
still  further  afield,  and  call  the  science  of  vegetable  physiology  to 
our  assistance. 

In  another  sense,  human  physiology  is  in  no  isolated  position. 
Its  study  must  go  hand  in  hand  with  the  study  of  anatomy.  It 
is  impossible  to  understand  how  the  body  or  any  part  of  the  body 
acts  unless  we  know  accurately  the  structure  of  the  organs  under 
consideration.  This  is  especially  true  for  that  portion  of  anatomy 
which  is  called  Microscopic  Anatomy  or  Histology.  Indeed,  so 
close  is  the  relationship  between  minute  structure  and  function 
that  in  this  country  it  is  usual  for  the  teacher  of  physiology  to 
be  also  the  teacher  of  histology.  Another  branch  of  anatomy, 
namely,  Embryology,  or  the  process  of  growth  of  the  adult  from 
the  ovum,  falls  also  within  the  province  of  the  physiologist. 

But  physiology  is  not  only  intimately  related  in  this  way  to 
its  sister  science  anatomy,  but  the  sciences  of  chemistry  and 
physics  must  also  be  considered.  Indeed,  physiology  has  been 
sometimes  defined  as  the  application  of  the  laws  of  chemistry  and 
physics  to  life.  That  is  to  say,  the  same  laws  that  regulate  the 
behaviour  of  the  mineral  or  inorganic  world  are  also  to  be  found 
operating  in  the  region  of  organic  beings.  If  we  wish  for  an 
example  of  this  we  may  again  go  to  the  eye ;  the  branch  of 
physics  called  optics  teaches  us,  among  other  things,  the  manner 
in  which  images  of  objects  are  produced  by  lenses;  these  same 
laws  regulate  the  formation  of  the  images  of  external  objects  upon 
the  sensitive  layer  of  the  back  of  the  eye  by  the  series  of  lenses 
in  the  front  of  that  organ.  An  example  of  the  application  of 
chemical  laws  to  living  processes  is  seen  in  digestion ;  the  food 
contains  certain  chemical  substances  which  are  acted  on  in  a 
chemical  way  by  the  various  digestive  juices  in  order  to  render 
them  of  service  to  the  organism. 

The  question  arises,  however,  is  there  anything  else  ?  Are  there 
any  other  laws  than  those  of  physics  and  chemistry  to  be  reckoned 
with  ?  Is  there,  for  instance,  such  a  thing  as  "  vital  force  "  ]  It 
may  be  frankly  admitted  that  physiologists  at  present  are  not 
able  to  explain  all  vital  phenomena  hy  the  laws  of  the  physical 
world  ;  but  as  knowledge  increases  it  is  more  and  more  abundantly 
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shown  that  the  supposition  of  any  special  or  vital  force  is  un- 
necessarj ;  and  it  should  be  distinctly  recognised  that  when,  in 
future  pages,  it  is  necessary  to  allude  to  vital  action,  it  is  not 
because  we  believe  in  any  specific  vital  energy,  but  merely  because 
the  phrase  is  a  convenient  one  for  expressing  something  that  we 
do  not  fully  understand,  something  that  cannot  at  present  be 
brought  into  line  with  the  physical  and  chemical  forces  that 
operate  in  the  inorganic  world. 

It  will  be  in  connection  with  the  nervous  system  that  we  shall 
principally  have  recourse  to  this  convenient  expression,  for  it  is 
there  that  we  find  the  greatest  diflBculty  in  reconciling  the 
phenomena  of  life  with  those  of  the  non-living. 

Physiology  proper  may  be  conveniently  divided  into  three  main 
branches : — 

1.  Chemical  physiology;  or  the  application  of  chemistry  to 
living  processes. 

2.  Physical  physiology;  or  the  application  of  physics  to  living 
processes. 

3.  The  physiology  of  the  nervous  system  where  the  application 
of  such  laws  is  at  present  extremely  difficult 

But  just  as  there  is  no  hard  and  fast  line  l)etween  physiology 
and  its  allies  pathology,  anatomy,  physics,  and  chemistry,  so  also 
there  is  no  absolute  separation  between  its  three  great  divisions ; 
physical,  chemical,  and  so-called  vital  processes  have  to  be  con- 
sidered together. 

Physiology  is  a  comparatively  young  science.  Though  Harvey 
more  than  three  hundred  years  ago  laid  the  foundation  of  our 
science  by  his  discovery  of  the  circulation  of  the  blood,  it  is  only 
during  the  last  half-century  that  active  growth  has  occurred. 
The  reasons  for  this  recent  progress  come  under  two  headings; 
those  relating  to  observation  and  those  relating  to  experiment. 

The  method  of  observation  consists  in  accurately  noting  things 
as  they  occur  in  nature ;  in  other  words,  the  knowledge  of  anatomy 
must  be  accurate  before  correct  deductions  as  to  fiuiction  are 
possible.  The  instnmient  by  which  such  correct  observations  can 
be  made  is,  par  excellence,  from  the  physiologist's  standpoint,  tlie 
microscope,  and  it  is  the  extended  use  of  the  microscope,  and  the 
knowledge  of  minute  anatomy  resulting  from  that  use,  that  has 
formed  one  of  the  greatest  stiniuli  to  the  successful  pn)gress  of 
physiology  during  the  last  fifty  years. 

But  important  lis  observation  is,  it  is  not  the  most  important 
method ;  the  method  of  experiment  is  still  more  essential.  This 
consists,  not  in  being  content  with  mere  reasonings  from  structure 
or  occurrences  seen  in  nature,  but  in  producing  artificially  changed 
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lelfttionslups  betv^een  the  atruotures,  aud  thusfcauung  nei^.oooir 
binatioDS  that  if  one  bad  waited  for  Nature  herBelf  to  pvodttoe 
might  have  been  waited  for  indefiuitelj.  Anatomy  is  important, 
but  mere  anatomy  has  often  led  people  astray  when  they  have 
tried  to  reason  how  an  organ  works  from  its  strueture  only. 
ISxperiment  is  much  more  important ;  that  is,  one  tests  one's 
theories  by  seeing  whether  the  occurrences  actually  take  plaoe  aa 
one  supposes ;  and  thus  the  deductions  are  confirmed  or  corrected. 
It  is  the  uniyersal  use  of  this  method  that  has  made  physiology 
what  it  is.  Instead  of  sitting  down  and  trying  to  reason  out  how 
the  living  maohiue  works,  physiologists  have  actually  tried  the 
experiment,  and  so  learnt  much  more  than  could  possil^  have 
beeuigained  by  mere  cogitation.  Many  such  experiments  involve 
the  use  of  living  animals,  but  the  discovery  of  anesthetics,  which 
renders  sucb  experiments  painless,  has  got  rid  of  any  objection  to 
experiments  on  the  score  of  pain. 

We  must  next  proceed  to  an  examination  of  the  gmaeral  struc* 
ture  of  the  body,  and  an  explanation  of  some  of  the  technical 
teems  which  will  frequently  be  used  hereafter. 

The  adult  body  consists  of  a  great  number  of  different  parts  ; 
and  each  part  has  its  own  special  work  to  do.  Such  parts  of  the 
body  are  called  orgajis.  Each  organ  does  not  only  its  own 
special  work  but  acts  in  harmony  with  other  organs.  This  rela- 
tionship, between  the  organs  enables  us  to  group  th^n  together 
into  what  are  termed  systems.  Thus,  we  have  the  cvrculatorf 
8f§tenif  that  is,  the  group  of  organs  (heart,  arteries,  veins,  etc.) 
concerned  in  the  circulation  of  the  blood  ;  the  rttfpvtoJUyry  ^tfatem, 
that  is,  the  group  <^  organs  (air  passages,  lungs,  etc.)  concerned  in 
the  act  of  breathing ;  the  digestive  system^  wliioh  deals  with  the 
digestidn  of  food ;  the  excretory  system^  with  the  getting  rid  of 
waste  products;  the  muscular  systenh,  with  movement;  and  the 
skeletal  system^  with  the  support  of  the  softer  parts  of  the  body. 
Over  and  above  aU  these  is  the  nervous  system  (brain,  spinal  coid, 

I  nerves),  the  greatmggjgjj^gji^yigjji  of  the  body  which  presides  over, 
controls,  and  regulates  the  functions  of  the  other  systems. 
If  we  proceed  still  further  on  our  anatomical  analysis,  and  take 
any  organ,  we  see  that  it  consists  of  various  textures,  or,  as  they 
are  caUed,  elementary  tisaues.  Just  as  one's  garments  are 
made  up  of  textures  (cloth,  lining,  buttons,  etc.),  so  each  organ  is 
composed  of  corresponding  tissues.  The  elementary  tissues  come 
under  the  following  four  headings  : — 

1 .  Epithelial  tissues.  3.  Muscular  tisanes. 

2.  Connective  tissues.  4.  Nervous  tissues. 
Gackof.  theae  is  again  divisible  into  snb-groufis. 
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Suppose  we  continue  our  anatomical  analysis  still  further,  wc 
find  that  the  individual  tissues  are  built  up  of  structures  which 
require  the  microscope  for  their  accurate  study.  Just  as  the 
textures  of  a  garment  are  made  up  of  threads  of  various  kinds,  so 
alao  in  many  of  the  animal  tissues  we  find  threads  or  fibres^  as 
they  are  called.  But  more  important  than  the  threads  are  little 
maasee  of  living  material.  Just  as  the  wall  of  a  house  is  made  up 
of  bricks  united  by  cement,  so  the  body  walls  are  built  of 
extremely  minute  livmg  bricks,  united  together  by  different 
anoimte  of  cementing  material.  Each  one  of  these  living  imits 
is  called  a  cell. 

Some  of  the  tissues  already  enumerated  consist  of  cells  with  only 
very  little  cement  material  binding 
them  together;  this,  for  instance,  is 
aeen  in  the  epithelial  tissues ;  but  in 
other  tissues,  particularly  the  connec- 
tive tiasues  which  arc  not  so  eminently 
living  as  the  rest,  the  amount  of  cemeut 
or  interoellular  material  is  nuich 
greater,  and  in  this  it  is  that  the  fibres 
are  developed  that  confer  the  necessary 
strength  upon  these  binding  tissues. 

Ify  instead  of  going  to  the  adult 
animal,  we  look  at  the  animal  in  its 
earheet  stage  of  development,  the 
ovum,  we  find  that  it  consists  of  a 
single  little  mass  of  living  material, 
a  single  cell.  As  development  pro- 
gresses it  becomes  an  adherent  mass  of 
cells.  In  the  later  stages  of  develop- 
ment various  tissues  become  differen- 
tiated from  each  other  by  the  cells  becoming  grouped  in 
different  ways,  by  alterations  in  the  shape  of  the  cells,  by 
deposition  of  intercellular  matter  between  the  cells,  and  by 
chemical  changes  in  the  living  matter  of  the  cells  themselves. 
Thus  in  some  situations  the  cells  are  grouped  into  the  various 
epithelial  linings ;  in  others  the  cells  become  elongated  and 
form  muscular  fibres ;  and  in  others,  as  in  the  connective 
tissues,  there  is  a  preponderathig  amount  of  intercellular  mate- 
rial which  may  become  permeated  with  fibres,  or  be  the  seat 
of  the  deposition  of  calcareous  stilts,  as  in  bone.  Instances 
of  chemical  changes  in  the  cells  themselves  are  seen  on  the 
surface  of  the  body  where  the  superficial  layers  of  the  epidermis 
become  homy ;  in  the  mucous  glands,  where  they  become  HUH 
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Fig.  I.— Vegetable  cella. 
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with  mucin,  and  in  adipose  tissue,  where  they  become  charged 

with  fat. 

The  term  cell  was  first  used  by  botanists ;  in  the  popular  sense 

of  the  word  a  cell  is  a  space  surrounded  by  a  wall,  as  the  cell 

of  a  prison,  or  the  cell  of  a  honey-comb. 
In  the  vegetable  cell  there  is  a  wall 
made  of  the  starch-like  material  called 
cellulose,  within  this  is  the  living 
matter,  and  a  number  of  large  spaces 
or  vacuoles  filled  with  a  watery  fluid. 
The  use  of  the  term  cell  by  botanists 
was  therefore  completely  justified. 

But  the  animal  cell  is  different ;  as 
a   rule,    it   has   no   cell-wall,   and    no 
vacuoles.     It   is   just   a   little   naked  I 
lump  of  living  material.     This  living/ 
material    is   jelly-like    in    oonsisteijijy,  I 
possessing  the  power  of  movement,  ajidi 
the  name  protoplasm  has  been  he4 
stowed  on  it. 

Somewhere  in  the  protoplasm  of  all 

II I  cells,  generally  near  the  middle  in  animal  cells,  is  a  roundish 
f  structure  of  more  solid  consistency  than  the  rest  of  the  proto- 
plasm, called  the  nucleus. 
I      An  animal  cell  may  therefore  be  defined  as  a  niass  of  protoplasm 
I  containing  a  nucleus, 
f       The  simplest  animals,  like  the  amoebse,  consist  of  one  cell  only : 


Fig.  3.— Animal  cell  consinting 
of  protoplasm  containing  a 
nucleuii. 


Fig.  3.— AmoebfiB    unicellnlar  animalfl. 


Fig.  4. — Cells  of  tbe  yeast  plant  in  pro- 
cess of  budding ;  unicellular 
plants. 


the  simplest  plants,  like  bacteria,  torulae,  etc.,  consist  of  one  cell 
only. 

Such  organisms  are  called  unicellular.  In  the  progress  of  their 
life  history  the  cell  divides  into  two ;  and  the  two  new  cells 
separate  and  become  independent  organisms,  to  repeat  the  process 
later  on. 
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In  the  case  of  the  higher  animals  and  plants,  they  are  always 
unicellular  to  start  with,  but  on  dividing  and  subdividing  the 
resulting  cells  stick  together  and  subsequently  become  differen- 
tiated and  altered  in  the  manner  already  indicated.  In  spite 
of  these  changes,  the  variety  of  which  produces  the  great  com 
plexity  of  the  adult  organism,  there  are  certain  cells  which  stiU 


Fig.  s.-^Homan  colourless  blood-corpuscle,  showing  its  suecawivc  changes  of  outline 
within  ten  minutes  when  kept  moist  on  a  warm  stage.    (Schofleld.) 

retain  their  primitive  structure ;   notable  among  those  are  the 
white  corpuscles  of  the  blood. 

All  living  cells,  all  living  things,  whether  unicellular  or  multi- 
cellular, are  characterised  by  the  following : 

1.  Power  of  movement;  this  is  seen  in  amoeboid  movement, 
ciliary  movement,  muscular  mo^^3ment,  etc. 

2.  Power  of  assimilation,  that  is,  ability  to  convert  into  proto- 
plasm the  nutriment  material  or  food  which  is  ingested. 

3.  Power  of  growth ;  this  is  a  natural  consequence  of  the 
power  of  assimilation. 

4.  Power  of  reproduction  ;  this  is  a  variety  of  growth. 

5.  Power  to  excrete  ;  to  give  out  waste  materials,  the  products 
of  other  activities. 

Physiology  after  all  is  only  a  detailed  study  of  these  five 
characteristics  of  vitality,  but  before  we  can  proceed  to  that 
study,  it  will  be  first  necessary  to  devote  a  few  preliminary 
chapters  to  a  more  minute  consideration  of  the  animal  cell  and  thQ 
elementary  tissues  or  textures  of  the  body. 
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CHAPTER   II. 

THE  ANIMAL  CELL. 

An  animal  coll  is  usually  of  microscopic  dimensions,  in   the 
human  body  varying  from  aJnj  to  auV/o  o^  *o  i^ch  in  diameter. 
It  consists  of — 

1.  Protopl^wm.      This  makes  up  the  main  substance  of  the 
cell. 

2.  Xudens :  a  vesicular  body  within  the  protoplasm,  generally 
situated  near  the  centre  of  the  coll. 

3.  CmtroAome  and  attraction  »phfrf  :  these  are  contained  within 
the  protopltism,  near  the  nucleus. 

These  three  portions  demand  separate  study. 


Protoplasm. 

Until  recent  years,  protoplasm  was  supposed  to  be  a  homo- 
geneous material  entirely  destitute  of  structure,  though  generally 
containing  minute  granules  of  solid  consistency,  or  globules 
(vacuoles)  containing  a  watery  fluid. 

.    It  has,  however,  now  been   shown  with  high   powers  of   the 
microscope  that  in  many  cells  the  protoplasm  consists  of  two 


Fig.  6.— (a.)  a  colourless  blood-corpuscle  showing  the  intra-ccUuUr  network,  and  two 
nuclei  with  intra-nuclear  network. 
(b.)  Coloured  blood-corpiutcle  of  newt  showing  the  intra-cellular  network  of 
fibrils.    AIm)  oval  nucleus  composed  of  limiting  membrane  and  fine  intra- 
nuclear network  of  fibrils,     x  800.    (Klein  and  Noble  Smith.) 

parts,  a  fine  network  of  fibrillee  in  which  the  more  fluid  and 
apj)arently  structureless  portion  of  the  protoplasm  is  contained. 
(See  figs.  2  and  6.) 

The    network    or   spongework    is   called    the    reticulum    or 


PROTOPLASM. 


0poagiopl&0m,  aud  the  more  fluid  [)ortion  m  iu  oie^hes  the 
eachylania  or  hyaloplasm. 

Tlie  gmimlus  in  pt^ifajpliism  are  p^artl  j  thickened  portious  of  the 
spongiuplasnif  litit  in  uddltioD  to  thi;^  there  appciir  to  be  free 

IgTiuiiilas,  some  fatty  iti  nature  (^tititiiog  black  with  osioic  acid)^ 
Bimie  oouipoecd  of  tho  8ub»taiic()  uidlud  gljco^eu  or  auiDjal  ^Uiruh 
(ftCaiuing  roddinh-hrowu  with  iodino),  and  ^oiuetimes  in  n  fevv 
uuicdlulur  aoiniaU  thej  eoiiii^t  of  mgrganic?  (ciLtaun^iu^) 
matter.     But  by   far  the  mmt  cotistant  }uid  abuudiuit  of  the 

I  granules  are  like  the  main  substance  of  the  protoplasm,  proteid 
or  albuxuiiioua  in  couj  posit  ion.  ^  _ 

The  chemicid  structure  of   pnitoplttsm  can   only  bt*  inveBti-  ^^s^ 
g^ted  ikUer  the  protopIa;sni  bas*  iiecn  killed.     The  snttetanccs  it^^ 
yields  are  (jj   Water ;   protophisni   is  semifluid,   and    at   leant  ^ 
three-quart  era   of    itn    weight*    often    more,  are   due    to   water* 
{ 2 )  Pro^k^p     These  are  the  most  eonataut  and  abundant 
xne  fenids.     A  pi-       '       dbuminous  Ku)>stHnt:e  eousist^  of  carljoa 
hydrogen,    nffrtiL  ,en,   ^v1th    s^nlpbur  and   phowphorua  in 

aiTmn    quantities  unly.       ln_Lmch!in;    a    proteicMike    substance 
foimd    m    tlie    nuclei   of    cells,   phnsphorua    is   more    abundmjt.   A^ 
,Tfag''pr5Ecitr  oU^imi^jl  Tir~gTCnt<?st  abmiilsi^nce^  in  the  cell  prgto^^  i 
"j^Win  is  callfidjLPJiCl^OiPJP^^dj  tbit  is  to  say,  it  in  a  com|>tjund 
^QOHlAmntg  var>'ing  amounU  of  this  niHUTial  nticlein  uith  proteid. 
ffllllU  ol  4igg  1b  ft  familiar  Tn stance  of  an  alLuuijnona  substance 
or  ptrataid,  and   the  fiict  (which  is  also  familiar)  that  this  iots 
into  a  solid  on  boiling  will  sorro  as  a  remintler  that  the  greater 
uumbor  of  the  proteids  found  in  nature  have  a  similar  tendency 
to  coagulate  under  the  influence  of    heat  and  other  agencies, 
(3)  Various  other  sulmtances  occur  in  suudler  proportions,  the 
m^t    constant    of     which    are    leeitlliai    a    pliosphorit^ed    fat 
ohbleeterin,    a    monatnuiic    ali  uhol ;    and    inorgauic    salts. 
csf)eeially    phouphates   ajid    chloridfcjs   of   c^ikium,    Mochunjj    tmu 
potaii^iunu 

TiTeTarge  quantity  of  water  present  should  be  particularly 
ootL'd  ;  the  Btudent  when  first  shown  diagrams  of  the  reticulum 
in  protctplasm  is  apt  to  imagine  that  it  consist*  of  a  firm  solid, 
like  a  syatem  of  wires  pervading  a  jelly.  The  roticulnm  b  only 
ulightlj  more  solid  than  Uie  hyalopUiam. 


\> 


The  Nucleus, 


Ui  form  tlio  nucleus  is  generally  rouiid  or  ovah  but  it  may 
have  in  sc«ne  c^i«es  an  irreguhir  sliape,  a  J  id  in  other  cases  there 
tniiy  be  more  than  one  nucleus  in  a  cell. 
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The  nucleus  exercises  a  controlling  influence  over  the  nutrition 
and  subdivision  of  the  cell ;  any  portion  of  a  cell  cut  off  from 
the  nucleus  undergoes  degenerative  changes. 
A  nucleus  consists  of  four  parts — 
I.    The  nuclear  membrane,  which  encloses  it. 
2..  A  network  of  fibres  in   appearance   like  the   spongioplasm 
of  the  protoplasm  but  on  a  hirgcr  scale ;    that  is   to  say, 
the  threads  of  which  it  is  composed  are  much  coarser  and 
much  more  readily  seen.     The  name  chromoplasm  has  been 
given  to  this  network. 

3.  The  nuclear  sap  c/r  matrix,  a  more  fluid  and  homogeneous 
substance  which  occupies  the  interstices  of  the  spongework 
of  chromoplasm. 

4.  Nucleoli ;  these  arc  of  two  principal  varieties ;  some  are 
knots  or  thickened  portions  of  the  network  and  others,  the 
true  nucleoli,  float  freely  in  the  nuclear  sap. 

Tliese  four  ptirts  of  the  nucleus  are  represented  in  the  next 
diagram. 


Node  of  network 1— - 


Node  of  network  . 


r*»^  NQt^lcfir  membrane. 

._^,XuoltHr  matrix. 
_Nut^U'ai  network. 


Fig.  7.— The  reeting  nucleus  -diagrammatic.    (Waldeyer.) 

The  next  figure  (fig.  8)  gives  a  view  of  the  nucleus,  according  to 
the  researches  of  Kabl.  He  considers  that  the  fibres  of  the  network 
may  be  divided  into  thick  fibres  which  he  terms  primary,  and 
thinner  connecting  branches  which  he  terms  secondary  (shown 
only  on  the  right-hand  side  of  the  figure).  This  observer  also 
supposes  that  the  primary  fibres  have  the  looped  arrangement 
depicted  in  the  diagram. 

In  the  investigation  of  microscopic  objects,  a  histologist  is 
nearly  always  obliged  to  use  staining  agents ;  the  extremely  thin 
objects  he  examines  arc  so  transparent  that,  without  such  stains, 
much  of  the  structure  would  be  invisible.  If  such  dyes  as 
hsematoxylin  or  safranin  are  employed,  it  is  the  nucleus  which 
becomes  most  deeply  stained,  and  thus  stands  out  on  the  lighter 
background  of  the  protoplasm, 
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ffrj,  iZX— 


Tiis-  S,— DtfigTf&m  of  in\}cI{?Ti#  fl^owiu^  thi?  Armagh 
m^iit  of  chwi  vhTftmnXw  fi,lftinifiit]i.  Tiewed 
from  tJiQ  RUh\  thoptulut  *'nd  b«;iiiK  Lippc^rmcHt. 

oteol UR ;  M.o.m.^  node  of  mf^sliwarfc .    ( ftuhlj 


Btit  the  whole  nucleus  docs  not  stain  equally  deeply ;  it  ia  the 
tKnituopUusintc  filaments  and  the  nucleoli  which  have  most 
ftiBnity  for  the  etaia,  while  the  miclear  membrane  and  the 
uucletir  miy  are  com  (Mini  lively  uimtfoeted.  Hence  the  terms 
chromatin  and  achnymafin 
t>ritf  ii )  al  ly  i  1 1 1  nxi  u  e  ed  I  >y 
Heuiing.  The  network 
aad  the  liiicleoli  are  com- 
posed of  chroniatic  sub- 
stance or  chramathi  ;  it  is 
00  called  not  because  it 
baa  any  eotour  in  tbo 
tmtnnil  ?itate,  but  because  it 
has  nii  uthuity  for  coloun^ 
artiJicially  a<ldud  to  it. 
For  ft  CQrreaponding  rea>?on, 
achronmtin  or  uthroniatic  anbstaru^e  is  the  name  given  to  the 
Buhittaii^ett  which  make  up  tlie  uueleur  membrane  and  nuclear  mp* 

Ta  tiaes**  '^mvml  faft?*  otrc  or  two  delailn  may  Ik*  ^iddinL  Balblatjf  first 
^huv-cd  thut  the  chrt»niMijlnsijTic  riltunt'Ut^^  arc^nppiiruiitly  fiiiriftvei'sely  (ii:irkeft 
una  mill? nmtc  tinrk  aiuI  mht  imuth  \  thifi  is  dim  to  the  cxisirace  *jf  mtnute 
highly  refrftL'tingpartidcHimlialiled  in  legtilar  serk^  in  a  eleai  homogeneous 
mid  unsrtiiiiMhlti  matrU  (i^ec  Hg.  <»,  Tlitj  lerui  chtvtttfttiH 
vhtmhi  pr*ipiTiy  \te  leailHtsted  N.>  iht^te  ij4vtticlf_ij.  Thvse 
jiarticles  have  Bpeciitl  ftfiinily  for  haMa  *\ym  likv  tn ethyl 
grreti.  and  Hif  miLiti, 

Cbmitig  next  to  the_L  hcriucal  com  nQajtij 
nucleus,  it  is  fguud  tQ,cQjjhltit~i3iiiKMj»Tl^  of 
I  un^^rpt_eul-liku  luibatanccs.     The  nuclei  of  cells 
I  may   be   obtained   by  subject iog   the   cells   to  the 
I  action  of  artificial  gii^tric  juice  ;  the  protoplfiJ^m  is 
nearly  entirely  dissolved,  but  the  nticlei  resist  the 
I  solvent  action  of  the  juica     No  doubt  thejjjUfikL 
[contain  sevcmi^_chcmical  conijioutKls,  but  the  onlv 
long  ni  wh]y^  ^e  liAve  anv  aceunitv  knowledge  haa 
n^icirjH,  aiicT  tTim  is  identical   witli  the 

It  is 


sUlJlCknee  called  chromatin  by  histtilogiBla. 
ijolublo  in  ftlkalis,  but  precipitated  by  aeids; 
different  frf)m  a  x^roteid,  as  it  contains  hi  addition  to  carbon, 
n jtroge n^  _gsj:^im»  b y d ro^.^ l i \  atid  sulphur,  an  enormous  qua n tit v^ 
(7  to  8  per  cent,  or  even  n^ore^  of  phoH[diorUB  in  its  molecule* 
Hiinny  cast*»  micteiuis  contain  iron  ulso.   ^^^"'^ 


FSg.  9."Ditt  Iff 

fjiliMmiir  fllft- 
mi-Bt,  g^e;^ltly 
nul^Tled■ 
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The  Attraction  Sphere. 
Recent  research  has  shown  that,  in  addition  to  the  micleus  and 
protoplasm,  most  if  not  all  living  cells  contain  another  structure  ; 
it  consists  of  a  minute  particle  called  a  "  cmtromme"  which  has 
an  attractive  influence  on  protoplasmic  fibrils  and  granules  in  its 
neighbourhood,  the  whole  appearance  produced  being  called  an 
attraction  $phere  (fiir.  lo). 


Rg.  lo.— A  cell  (white  blood-cor- 
puscle) showing  its  attraction 
sphere.  In  this^  as  in  most 
cases,  the  attraction  sphere  lies 
near  the  nucleus.    ( Schif  er . ) 


Fig.    II.— Ovum    of    tiie 

Asoaris,  showing  a  twin  attrac- 
tion sphere.  The  nuoleua  with 
its  contorted  filament  of  ohro- 
moplasm  is  represented,  but 
the  protoplasm  of  the  cell  is 
not  filled  m.    (v.  Beneden.) 


It  is  most  prominent  in  cells  which  are  dividing  or  about  to 
divide.  The  centrosome,  and  then  the  attraction  sphere,  become 
double  (fig.  ii).  It  has  been  thought  that  the  centrosome  gives 
the  primary  impulse  to  cell-division,  but  a  few  cases  have  been 
described  in  which  the  nucleus  divides  before  the  centrosome,  and 
it  is  now  agreed  that  the  division  of  chromatin  and  centrosome  are 
two  parallel  events,  the  casual  relation  between  which  is  not  known. 


Frotoplasmio  Movement. 

A  cell  possesses  the  power  of  breathing  that  is,  taking  in  I 
oxygen  ;  of  nu^twn^  of  b\ii (ding* itself  up  from  food  materials;! 
and  of  excretiwiy  or  the  getting  rid  of  waste  material.  But  the! 
most  obvious  physiological  characteristic  of  a  cell  is  its  power  of! 

When  an  amceba  is  observed  with  a  high  power  of  the 
microscope,  it  is  found  to  consist  of  an  irregular  mass  of  proto- 
plasm containing  one  or  more  nuclei,  the  protoplasm  itself  being 
more  or  less  granular  and  vacuolated.  If  watched  for  a  minute 
or  two,  an  irregular  projection  is  seen  to  be  gradually  thrust  out 
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^Hbim  tkB  wtmn  body  aud  reimcted ;  a  second  moHS  Is  theti  prd- 
'^Wldfd  io^uiotbdr  direction^  and  gradiuiUy  tbe  wbok  pTotoplaamtc 
substiilOd  tB|  aa  it  were^  drawti  into  iL  Tbe  Amti^ba  thus  oomea 
to  occupy  a  new  pDisLticjn,  and  when  this  is  rqieated  seveml  timee 
we  havo  locomotion  in  a  deiinitc  direction,  together  with  a 
contiiiual  chaoge  of  farni.  Theuo  movenieote,  whou  observed  in 
ceO»,  ftueh  as  the  toioLtr- 
bktod-corpuiieks  of  higher 
[ial»(Bg.  13),  in  the  branclied 
.  eelk  of  iUii  img  nnd  else- 
wti6i«if  am  bi^noe  termcsd  ajmo^ 
hoid.  The  projectioas  wliich  are 
^t^mately  pn^tmded  and  re- 
tl«clad  ar^  mU^  pmmdap^m.  ^  ^..-Ammhm. 

A  Hr^amini^^  m&femjmi  is  not 
inlr0qia0il4ly  aeeck  hi  certain  of  tin.'  protOKim^  in  whicti  tbe  toftas 
of  proto|4aaiit  eiteinh  long  und  tiii43  proceBsei^  tlieniBeliree  wttj 


n^  *  8»  Hit 

«raiiB  trn  nasmbm  mhm  lecfii  moi^  oa  a  wum  itage. 


>.    recboOiTd.) 


'  naoveable,  }mi  upon  the  Burface  of  which  frcely-mOTiTig  or 
[kUiin^  granules  are  se<?n,     A  ^iufinff  luovement  lias  also  been 


( t4,^i  aO  Toung  ^vugvtabU  ct^Ua,  «hcnnu|r  cell-eaTity  etititi?ljf  ailed  witt  pimiilBr 
pfDbifiljiHn  «Dakiiiiii(|r  «  Utfr*  «ir&1  micltrQA,  wiUi  otnf  or  inr>rf^  nurlmAi. 
(m,^  Ul4ar  oell0  from  mmo  plmiilt  ^bovint  diit^i  o<slltiIcM«-iir&U  and  tbguqXk^ 
thn  qf  pttrtopliwm. 

rnoticed  in  certain  auitiuil  eell^ ;  the  tnotile  part  of  tho  aeU  i« 
eotuposed  df  proioptaitu  bounding  a  central  and  more  com\mct 
maaa;   by  meanit  of    tbe  free  movenieut  of  thiii  layer,  th«  eel  I 

j^.     may  be  obserred  to  move  alonit 

^B     iit*ve|5iBtable  celk  tb^  pn»toplaamto  movement  can  be  welt  ^en 
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in  the  hairs  of  the  stiDging-nettle  and  Tradescantia  and  the  cells 
of  Vallisneria  and  Chara ;  it  is  marked  by  the  movement  of  the 
granules  nearly  always  imbedded  in  it.  For  example,  if  part  of  a 
hair  of  Tradescantia  (fig.  15)  be  viewed  under  a  high  magnifying 
power,  streams  of  protoplasm  containing  crowds  of  granules 
hurrying  along,  like  the  foot-passengers  in  a  busy  street,  are  seen 
flowing  steadily  in  definite  directions,  some  coursing  round  the 
film  which  lines  the  interior  of  the  cell-wall,  and  others  flowing 
towards  or  away  from  the  irregular  mass  in  the  centfe  of  the 
cell-cavity.  Many  of  these  streams  of  protoplasm  run  together 
into  larger  ones  and  are  lost  in  the  central  mass,  and  thus  ceaseless 
variations  of  form  are  produced.  The  movement  of  the  proto- 
plasmic granules  to  or  from 
the  periphery  is  sometimes 
called  vegetable  ciradatum, 
whereas  the  movement  of 
the  protoplasm  round  the 
interior  of  the  cell  is  called 
rotation. 

The  first  account  of  the 
movement  of  protoplasm 
was  given  by  Rosel  in  1755, 
as  occurring  in  a  small 
Proteus,  probably  a  large 
freshwater  amoeba.  His 
description  was  followed 
twenty  years  lat^rby  Corti's 
demonstration  of  the  rotar 
tion  of  the  cell  sap  in  Characeffi,  and  in  the  earlier  part  of  this  century 
by  Meyer  in  Vallisneria,  1827,  and  by  Robert  Brown,  1831,  in 
"Staminal  Hairs  of  Tradesciintia."  Then  came  Dujardin's  descrip- 
tion of  the  granular  streaming  in  the  pseudopodia  of  Rhizopods ; 
movements  in  other  animal  cells  were  described  somewhat  later 
(Planarian  eggs,  v.  Siebold,  1841  ;  colourless  blood-corpuscles, 
Wharton  Jones,  1846). 

There  is  no  doubt  that  the  protoplasmic  movement  is  essentially 
the  same  thing  in  both  animal  and  vegetable  cells.  But  in 
vegetable  cells,  the  cell-wall  obliges  the  movement  to  occur  in  the 
interior,  while  in  the  naked  animal  cells  the  movement  results  in 
an  external  change  of  form. 

Although  the  movements  of  amceboid  cells  may  be  loosely 
described  as  spontaneous,  yet  they  are  produced  and  increased 
under  the  action  of  external  agencies  which  excite  them,  and 
which  are  therefore  called  stimultj  and  if  the  movement  has  ceased 


Pig.  15.— Cell  of  TradeHcantia  drawn  at  RxiccesBive 
intervalfl  of  two  minutes. — The  cell-contenta 


consist  of  a  central  mass  connected  bv  many 
irregidar  processes  to  a  peripheral  film,  the 
whole  forming  a  vacuolated  mass  of  proto- 
plasm, which  is  continually  changing  its 
8hai>e.    (Schofleld. ) 
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for  the  time,  as  is  the  case  if  the  temperature  is  lowered  beyond  a 
certain  point,  movement  may  be  set  up  by  raising  the  temperature. 
Again,  contact  with  foreign  bodies,  gentle  pressure,  certain  salts, 
and  electricity,  produce  or  increase  the  movement  in  the  amivba. 
The  protoplasm  is,  therefore,  sensitive  or  irritable  to  stimuli,  and 
shows  its  irritability  by  movement  or  contraction  of  its  mass. 

The  effects  of  some  of  these  stimuli  may  be  thus  further 
detailed  : — 

a.  Changes  of  Uviperature. — Moderate  heat  acts  as  a  stimulant : 
the  movement  stops  when  the  temperature  is  lowered  near  the 
freezing  point  or  raised  above  40°  C. 
(104°  F.) ;  between  these  two  points 
the  movements  increase  in  activity ; 
the  optimum  temperature  is  about 
3 y""  to  38°  C.  Though  cold  stops  the 
movement  of  protoplasm,  ex}>os\ire 
to  a  temperature  even  below  o^  C. 
does  not  prevent  its  reappejirance  if 
the  temperature  is  raised  ;  on  the 
other  hand,  prolonged  exposure  to  a 
temperature  of  over  40^0.  altogether 
kills  the  protoplasm  and  causes  it 
to  enter  into  a  condition  of  coagula- 
tion or  heat  rigor.  We  have  already 
seen  that  proteids,  the  most  abun- 
dant constituents  of  protoplasm,  are 
coagulated  by  heat. 

6.  Chemical  stimuli.  —  Distilled 
Water  first  stimulates  then  stops 
amoeboid  movement,  for  by  imbibi- 
tion it  causes  great  swelling  and 
finally  bursting  of  the  cells.  In 
some  cases,  however  (myxomycetes), 
protoplasm  can  be  almost  entirely  dried  up,  but  remains  capable  of 
renewing  its  movement  when  again  moistened.  Dilute  salt  solution 
and  very  dilute  alkalis  stimulate  the  movements  temporarily. 
Acids  or  strong  alkalis  permanently  stop  the  movements :  ether, 
chloroform,  veratrine  and  quinine  also  stop  it  for  a  time. 

Movement  is  sus|)ended  in  an  atmosphere  of  hydrogen  or 
carbonic  acid  and  resumed  on  the  admission  of  air  or  oxygen ; 
complete  withdrawal  of  oxygen  will  after  a  time  kill  protoplasm. 

c.  Electrical. — Weak  currents  stimulate  the  movement,  while 
strong  currents  cause  the  cells  to  assume  a  spherical  form  and  to 
become  motionless. 


Cells  from  the  staminal 
hain  of  Tradoscantia.  A ,  fresh  in 
water ;  Zf ,  the  Hame  cell  after  sliffht 
electrical  Btimulation ;  a,  6,  region 
of  Htimulation ;  c,  d,  clumps  and 
nobs  of  contracted  protoplann. 
(KQhne.) 
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The  amoeboid  movements  of  the  colourless  corpuscles  of  the 
blood  may  be  readily  seen  when  a  drop  of  blood  from  the  finger 
is  mixed  with  salt  solution,  and  examined  on  a  warm  stage  with 
the  microscope.  If  a  pseudopodium  of  such  a  corpuscle  is 
observed  \mder  a  high  power,  it  will  be  seen  to  consist  of  hyalo- 
plasm, which  has  flowed  out  of  its  spongy  home,  the  reticulum. 
Later,  however,  a  portion  of  the  reticular 
part  of  the  protoplasm  may  enter  the 
pseudopodium.  The  cells  may  be  filed 
by  a  jet  of  steam  allowed  to  play  for  a 
moment  on  the  surface  of  the  cover  glass. 
The  next  figure  illustrates  one  fixed  in 
this  way. 

The  essential  act  in  the  protrusion  of  a 
pseudopodium  is  the  flowing  of  the  hyalo- 
plasm out  of  the  spongioplasm  ;  the  retrac- 
tion of  the  pseudopodium  is  a  return  of 
the  hyaloplasm  to  the  spongioplasm.  The 
spongioplasm  has  an  irregular  arrangement 
with  openings  in  all  directions,  so  that  the  contractility  of  undif- 
ferentiated cells  may  exhibit  itself  towards  any  point  of  the  compass. 


f 


Fig.  17. 


•An  Amoeboid  cor- 
puscle of  the  newt  killed 
by  iniftantaneoas  appli- 
cation of  steam,  showing? 
the  appearance  of  the 
pwudopodia.  (After  D. 
Qnnn,  Quain's  Ana- 
tomy.) 


Cell  Division. 

A  cell  multiplies  by  dividing  into  two  ;  each  remains  awhile  in 
the  resting  or,  more  correctly,  non-dividing  condition,  but  later  it 
grows  and  subdivides,  and  the  process  may  be  repeated  indefinitely. 

The  supreme  importance  of  the  cell,  the  growth  of  the  body  from 
cells,  and  the  fact  that  cells  are  the  living  units  of  the  organism, 
were  first  established  in  the  vegetable  world  by  Schleiden,  and 
extended  to  the  animal  kingdom  by  Theodor  Schwann.  The  ideas 
of  physiologists  depending  on  this  idea  are  grouped  together  as 
cellular  physiology,  which  under  the  guidance  of  Virchow  was 
extended  to  pathology  also :  Virchow  expressed  the  doctrine  now 
so  familiar  as  to  be  almost  a  tniisra  in  the  terse  phrase  onvnU 
cellula  e  cellula  (every  cell  from  a  cell). 

The  division  of  a  cell  is  preceded  by  division  of  its  nucleus. 
Nuclear  di^^8ion  may  be  either  (i)  simple  or  direct,  which  consists 
in  the  simple  exact  division  of  the  nucleus  into  two  equal  parts 
by  constriction  in  the  centre,  which  may  have  been  preceded  by 
division  of  the  nucleoli  ;  or  (2)  indirect,  which  consists  in  a  series 
of  changes  which  goes  on  in  the  arrangement  of  the  nuclear 
reticulum,  resulting  in  the  exact  division  of  the  chromatic  fibres 
into  two  parts,  which  form  the  chromoplasm  of  the  daughter  nuclei. 
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The  changes  in  the  nucleus  during  indirect  division  constitute 
karyoktnens  (fccf^wov,  a  kernel),  or  mitosis  (ft/ro?,  a  thread),  and 
direct  diTision  is  called  amitotic  or  akinetic  (Kivrja-i^,  movement). 
It  is  now  believed  that  the  mitotic  nuclear  division  is  all  but,  though 
not  quite,  universal.  Somewhat  different  accounts  of  the  stages 
of  the  nuclear  division  have  been  given  by  different  authorities, 
aooording  to  the  kind  of  cell  in  which  the  nuclear  changes  have 
been  studied.  The  following  will  summarise  the  stages  of  karyo- 
kinesis  as  observed  by  Klein  : — 

The  nucleus  in  a  resting  condition,  i,e.,  before  any  changes 


Fig.  18.— Karyokmens.    a.  ordinary  nudetis  of  a  columnar  epithelial  oell ;  b,  c,  the  tame 
nncleoa  in  the  stane  of  convolution  ;  d,  the  tereath  or  rotette  form ;  k,  the  aautr,  or  nngle 
star;  r,  a  nudear  ipindle  from  the  Dencemet'a  endothelium  of  the  frog's  oomea 
o,  H,  I,  diaater ;  k,  two  daughter  nuclei.    (Klein.) 

preceding  division  occur,  consists  of  a  very  close  mesh  work  of  fibrils, 
which  stain  deeply  with  carmine,  embedded  in  a  matrijc,  which 
does  not  possess  this  property,  the  whole  nucleus  being  contained 
in  an  envelope.  The  first  change  consists  of  a  slight  enlargement 
of  the  nucleus,  the  disappearance  of  its  envelope  and  an  increase  in 
the  definition  and  thickness  of  the  nuclear  fibrils,  which  are  also 
more  separated  than  they  were,  and  stiiin  better.  This  is  the 
stage  of  convolution  (fig.  1 8,  B,  c).  The  next  step  in  the  process 
is  the  arrangement  of  the  fibrils  into  some  definite  figure  by  an 
alternate  looping  in  and  out  around  a  central  space,  by  whicii 
means  the  rosette  or  tvrenth  stage  (fig.  18,  d)  is  reached.  The 
loops  of  the  rosette  next  become  divided  at  the  periphery  and 
their  central  points  become  more  angular,  so  that  the  fibrils, 
divided  into  portions  of  about  equal  length,  are  doubled  at  an 
acute  angle,  and  radiate  in  a  V-shaped  manner  from  the  centre, 
forming  a  star  (aster)  (fig.    18,  e),  and  later  from  two  centres, 

K.P.  c 


i8 


THK    ANIMAL    CELL. 


[oh.  II. 


in  which  case  a  double  star  (dtaster)  results  (fig.  i8,  o,  h,  and  i). 
After  remaining  almost  unchanged  for  some  time,  the  Y-shaped 
fibres  being  first  rearranged  in  the  centre,  side  by  side  (angle  out- 
wards), split  longitudinally  and  separate  into  two  bundles  which 
gradually  take  up  a  position  at  either  pole.  From  these  groups  of 
fibrils  the  two  nuclei  of  the  new  cells  are  formed  (daughter  nuclei) 
(fig.  1 8,  k),  and  the  changes  they  pass  through  before  reaching 
the  resting  condition  are  exactly  those  through  which  the  original 
nucleus  (mother  nucleus)  has  gone,  but  in  a  reverse  order,  viz., 
the  star,  the^  rosette,  and  the  convolution.  During  or  shortly 
after  the  formation  of  the  daughter  nuclei  the  cell  itself  becomes 
constricted  and  then  divides  in  a  line  about  midway  between  them. 

The  cliangca  as  described  are  those  which  are  most  obvious ; 
but  they  take  little  account  of  the  formation  of  the  spindle  seen  in 
fig.  1 8,  F,  nor  of  the  part  played  by  the  attraction  sphere  (see  p.  12). 

The  work  of  Waldeyer,  Iliibl,  and  others  has  shown  that  a 
more  exact  description  is  the  following. 

The  process  may  be  divided  into  the  following  1 

I.  The  non-dividing  nucleus  (fig.  19). 


Node  of  netTHiik 


Nodoof  netwuik 


^:*-  Nuclear  membiane 

Nucleolus. 

Nuclear  matiix. 
^  Nuclear  netwoj  k . 


nucleus.     (Wnldr  ycr.) 


2.  The  spirem  or  skein  stage  :  the  nucleoli  dissolve,  the 
secondary  fibres  disappear,  and  the  primary  loops  ruuuing 
from  polar  to  anti-polar  regions  remain  (figs.  8,  20). 

In  some  cells   there   is  at   first   one  long,  much  twisted  thread,  which 
subsequently  breaks  up  into  segments. 

3.  Each  loop  becomes  less  convoluted  and  splits  longitudinally 
into  two  sister  threads,  and  the  achromatic  spindle  appears 
(fig.  21,  A  and  b). 

4.  The  equatorial  stage  ;  monaster.  The  nucleus  has  now  two 
poles,  those  of  the  spindle  ;  and  at  each  pole  there  is  a  polar 
corpuscle  or  centrosome.  The  division  of  the  centrosome 
of  the  original  cell,  and  then  of  tlie  attraction  sphere  into 
two,  usually  precedes  the  commencement  of  changes  in  the 
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nucleus  ;  the  two  attraction  spheres  become  prominent  in  cell 
division,  and  the  connecting  achromatic  spindle  is  probably 
also  formed  from  them  or  from  the  achromatic  material  of  the 
nucleus. 


PSg.  20.— Early  condition  of  the  skein  ntagti  viewed  at  the  polar  end.    I.  c.  /.,  looped 
chromatic  filament,    i.  /.,  irregular  filament.    (Kabl.) 

A  B 


Achromatic  jspindlo 


FSg.  2 1 .  —Later  condition  of  the  Kkein  stage  in  karyokinesia.  a  .  The  tliicker  primary  flbrra 
become  less  convoluted  and  the  achromatic  spindle  appears,  b.  The  thick  fibres  split 
into  two  and  the  achromatic  spindle  becomes  longitudmal.     ( Waldeyer. ) 

Pole  of  spindle. 


Outer  grunolar 
zona. 


.Jl^V"    Split  flbies. 


Inner  clear  zone. 
.  Polar  coipuscle. 


Fig.  22.— 3Iona-»ter  stage  of  kary»«kineHiH.    (Waldeyer.) 


At  this  stage  the  nuclear  membrane  is  lost,  and  thus  cell 
pn^toplasm  and  nuclear  sap  become  continuous ;  the  protoplasoi 
immediately  around  the  nucleus  is  clear ;  outside  this  is  a  granu- 
lar zone,  and  here  the  granules  are  arranged  mdially  from  the 
I)olar  corpuscles.  The  star-like  arningenient  of  these  granules  is 
much  better  marked  in  embryonic  cells,  indeed  the  lines  present 
very  much  the  appeamnce  of  fibrils  (see  fig.  23). 

The  term  amphutaUr  often  given  to  this  appearance  must  not 
be  coufounded  with  the  diaster  to  be  immediately  described.     It 
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sbould  further  b^  noted  that  in  all  cells  which  are  the  romilt  of 
the  sexual  process  the  number  of  chromosomes  is  always  eveu, 
an  equal  nimiber  being  contributed  by  each  sex. 


Trvpiaa  f 


Fig.  23.— Ovum  of  the  worm  Asoariff  in  process  of  diViaioo.  The  attraction  apheicg  are  at 
oppoHite  ends  of  the  orum ;  at  the  equator  of  the  apindle  which  unites  them,  four 
chromoHomes  are  seen.  The  protoplann  of  the  ovum,  except  in  the  equatorial  xone  <A 
the  cell,  i»  arranged  in  lines  radiating  from  the  centra  (cGntroeiome)  of  the  attraotum 
sphere.    (Waldeyer.) 

The  V-shaped  chromoplasniic  fibres  or  chromosomes  sink  to  the 
equator  of  the  spindle,  and  arrange  themselves  so  as  to  project 
horizontally  from  it. 


<^!'s-. 


Fine  uniting 
filatiioDU. 


24.— Metalunesiii.  a.  lini\y  Btuue.  n.  Later  Htage.  c.  Latest  stage— formation  uf 
diaster.  b.  nnd  r.  show  how  the  sister  threads  disentangle  themselves  from  one 
another.    (Waldeyer.) 

5.  The  starve  of  vtetahinesis.  The  sister  threads  separate,  one 
set  going  towards  one  pole,  and  the  other  to  the  other  pole 
of  the  spindle  (fig.  24) :  these  form  the  two  daughter  nuclei. 
The  chromosomes  are  probably  pulled  into  their  new  position 
by  the  contraction  of  the  spindle  fibres  attached  to  them. 

6.  Each  daughter  nucleus  goes  backwards  through  the  same 
series  of  changes ;  the  diaster  or  double  star  is  followed  by 
the  dispircm  or  double  skein,  until  at  last  two  resting  nuclei 
are  obtained  (fig.  25). 

A  new  membrane  forms  around  each  daughter  nucleus, 
the  spindle  atrophies,  and  the  attraction  sphere  becomes  less 
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prominent     The  division  of  the  cell  protoplasm  into  two 

parts  around  the  two  nuclei  begins  in  the  diaster  stage,  and 

is  complete  in  the  stage  represented  in  fig.  25. 

The  karyokinetic  process  has  been  watched  in  all  its  stages  by 

more  than  one  observer.     The  time  occupied  varies  from  half  an 

hour  to  three  hours ;   the  details,  however,  must  be  studied  in 

hardened  and  appropriately  stained  specimens.     They  are  most 

readily   seen  in   cells  with  large  nuclei,  such  as  occur  in  the 

epidermis  of  amphibians. 

The  process  varies  a  good  deal  in  different  animal  and  vegetable 
cells ;  such  as  in  the  number  of  chromosomes,  and  the  relative 


two 


f  sepanti 
oelbT 


Antipole    of    daughter 
niideus. 


■^  Bemains  of  spindle. 


lighter  substance  of  the 
nudeos. 


Cell  protoplasm. 
Hiluii. 


Fig.  2$.— Final  stages  of  karyoldnesis.    In  the  Iowa:  daughter  nucleus  the  chaoges  are 
still  more  adyanoed  than  in  the  upper.    ( Waldejer. ) 

importance  of  the  different  stages.     All  attempted  here  has  been 
to  give  an  account  of  a  typical  case.     The  phases  may  be  sum- 
marised in  a  tabular  way  as  follows  (from  Quain's  Anatomy) : — 
Network  or  Reticulum    ...    1.  Resting  coiidition  of  mother  nucleus 

(fig-  19). 

12.  Close  skein  of  fine  convoluted  fila- 
3.  Open   skein   of    thicker  filaments. 
Spindle  appears  (fig.  21  A). 
Cleavaqb 4.  Movement    of    V-shaped    chromo- 
somes to  middle  of  nucleus,  and 
each  splits  into  two  sister  threads 
(fig.  21  B). 
Star  or  Monaster 6.  Stellate    arrangement    of    V    fila- 
ments at  equator  of  spindle  (fig. 
22). 
DiVERQENCE  OR  Metakinesis     .    6.  Separation   of  cleft   filaments  and 

movement  along  fibres  of  spindle 
(fig.  24  A  and  B). 
Double  Star  or  Diaster  ...    7.  Convevance  of  V  filaments  towards 

poles  of  spindle  (fig.  24  c). 
(  8.  Open  skein  in  daughter  nuclei. 
Double  Skein  or  Dispirem  .     A  v.  Close  skein  in  daughter  nuclei  (fig. 

(         25). 
Network  or  Reticulum    .    .    .10.  Resting    condition     of    daughter 

nuclei  (fig.  25). 
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The  Ovum. 

The  ovary  is  an  organ  which  produces  ova. 

An  ovum  is  a  simple  animal  cell ;  its  parts  are  seen  in  the  next 
diagram. 

It  is  enclosed  in  a  membrane  called  the  zona  pellucidaor  vitelline 
membrane.    The  body  of  the  cell  is  composed  of  protoplasm  loaded 


'  -    Nadeus  or  gennlnal  rende. 
Nucleolus  or  gennixuil  MpctL 

Space  left  by  retraction  of 
protoplasm. 

Protoplasm  containing  jolk 
spherules. 


yitelline  membrane. 


Fig.  26.— Representation  of  a  human  ovum.    (Cadiat.) 

with  granules  of  food  material,  and  often  called  the  yolk  or  vitellus. 
The  nucleus  and  nucleolus  are  sometimes  still  called  by  their  old 
names,  germinal  vesicle  and  (jerminal  spot  respectively. 

The  formation  of  ova  will  form  the  subject  of  a  chapter  later 
on,  but  it  is  convenient  here  at  the  outset  to  state  briefly  one  or 
two  facts,  and  introduce  to  the  student  a  few  terms  which  we 
shall  have  to  employ  frequently  in  the  intervening  chapters. 

The  ovum  first  discharges  from  its  interior  a  portion  of  its 
nucleus,  which  forms  two  little  globules  upon  it  called  the  polar 
globules. 

Fertilisation  then  occurs ;  that  is  to  say,  the  head  or  nucleus 
of  a  male  cell  called  a  spermatozoon  penetmtes  into  the  ovum, 
and  becomes  fused  with  the  remains  of  the  female  nucleus. 

Cell  division  or  segmentation  then  begins,  and  the  early  stages 
are  represented  in  the  next  figure. 

Fluid  discharged  from  the  cells  accumulates  within  the  interior 
of  the  mulberry  mass  seen  in  fig.  27  c/,  and  later,  if  a  section  is 
cut  through  it,  the  cells  will  be  found  arranged  in  three  layers. 

The  outermost  layer  is  called  the  epiblast. 

The  middle  layer  is  called  the  mesoblast. 

The  innermost  layer  is  called  the  hypoblast. 

From  these  three  layers  the  growth  of  the  rest  of  the  body 
occurs,  nutritive  material  being  derived  from  the  mother  in 
mammals  by  means  of  an  organ  called  Ike  i^VA-ceutvjk.. 
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The  fpiblasif  the  outermost  layer  of  the  embryo,  forms  the 
epidermis,  the  outermost  layer  of  the  adult.  It  also  forms  the 
nervous  system. 

The  hypoldastj  the  innermost  layer  of  the  embryo,  fonns  the 
lining  epithelium  of  the  alimentary  and  respiratory  tracts,  that 
is,  the  innermost  layer  of  the  adult.  It  also  forms  the  cellular 
elements   in   the  large  digestive  glands,  such  'as  the  liver  and 


Fig.  37.- -Diagram  of  an  OTUin  {n]  undergoing  segmentation.  In  (6)  it  lias  divided  iato  two, 
in  (c)  into  fuur ;  and  in  {d)  the  prooees  has  resulted  in  the  production  of  the  so-called 
^^mulherrjr-mass."    (Frejr.) 

pancreas,  which  are  originally,  like  the  lungs,  outgrowths  from  the 
primitive  digestive  tube. 

The  nieiobldst  {onnB  the  remainder,  that  is,  the  great  bulk  of 
the  body,  including  the  muscular,  osseous  and  other  connective 
tissues ;  the  circulatory  and  urino-genital  systems. 


CHAPTER  III. 

EPITHELIUM. 

In  the  introductory  chapter  will  be  found  a  list  of  the 
elementary  tissues  of  which  the  organs  of  the  body  are  built  up. 
These  may  be  arranged  into  the  four  groups,  epithelial,  connec- 
tive, muscular,  and  nervous.  The  first  of  these,  the  epithelial 
tissues,  follows  naturally  on  a  study  of  the  animal  cell,  i\s  an 
epithelium  may  be  defined  as  a  tissue  comix)8ed  entirely  of  cells 
united  by  a  minimal  amount  of  cementing  material.  As  a  rule, 
an  epithelium  is  sprciid  out  as  a  membrane  covering  a  surface  or 
hning  the  cavity  of  a  hollow  organ. 

These  epithelia  may  be  grouped  into  two  great  classes,  each 
of  which  may  be  again  subdivided  according  to  the  shape  and 
arrangement  of  the  cells  of  which  it  is  composed.  Tlie  following 
table  gives  the  principal  varieties  : — 
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Cr4ABs  I. — Sim/de  fpiikdlam  ;  that  ia,  a&  (?pithclimn  consisting 
of  one  laye^  of  ^'ells  only.      Its  subgroups  art?  as  follows  : — 
a.    I'avemeiit  epitlioliiim. 
Ik  Cubical  xiwl  coliuiiiiar  epitlieiium. 
c.  Ciliated  epithelium* 


F%.  e8.— Prom  &  fieilMui  of  th«!  lim^  vi  A  CAt,  utAiooI  with  ttlirer  l}ttr&te.     N.  Alvieoli  Of 
^r-cc-l](i>  \mpiX  vifh  InrKv  flut,  uudHiicd  oeilfl,  v»itb  Bame  itnuiUtir  polyhednil  nucleitted 


Fig.  :i$.— \bdoTmujit  ^urfn^-v  ^i  ru:QtraI  tendtm  ttt  tbc  dJApbrK^tn  of  mbhit,  nbowing  tlie 
Rfoertii  poIvgoDoJ  ahnpc  of  the   etidtjtkflia]  cell*:  ^j^vh   cell  u*  niifli?itted.     X  JOO. 

Class  2. — Compound  epitheUwn^ ;  that  !s,  a^  epithelinni  oon- j 

sistitig  of  more  than  one  layur  of  oel!s.     Its  mibgrotips  are  as 
follows : — 

<\.  Tmusitional  epithelinni. 

^.  Stratified  epitheliuna. 
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This  classification  does  not  include  the  more  specialised  forms 
of  epithelium  found  in  secreting  glands,  or  in  the  sense  organs, 


Fig.  .\o.— Peritoneal  surface  of  a  portion  of  the  septnm  of  the  great  lymph-aae  of  a  frog. 
Hie  storaata,  some  of  which  are  open,  some  collapsed,  are  irul  ihowa.    x  160. 

(KMn.) 

nor  structures  like  hair,  and  enamel  of  tooth,  which  are  epithelial 
in  origin.     These  will  be  considered  in  their  proper  place  later  on. 


Fig.  \i. — A  portion  uf  the  great  omentum  of  dug.  which  shows,  amongst  the  fiat  endo- 

tbcAium  of  tbe  surf aoe,  small  and  large  grou-     ' — '■' -•-^i--^*-- —  v^* 

which  are  many  stomata.     x  300.     ( Klein,  j 


€4  ttie  surface,  small  and  large  groups  of  germinating  endothelium,  between 


We  shall  for  the  present  be  content  to  study  those  already 
eunmerated,  and  take  them  one  by  one. 


26  EPITHKLIUM 


Pavement  Epithelium. 

This  conabt®  of  a  layer  of  fiat  cdl§,  arranged  like  flat  pavemeixt' 
stonus  iiccnratelj  fittiug  together  and  uuitcd  bj  a  small  amouut 
of  cementing  luaterial  Tim  stmcturo  of  the  cells  and  their 
outlitieB   may    be   beat   demuti^tmted    by    a  |iro€es9   of   double 

stjiiiiiiii? ;  one  ataiu^  silver  nitrate, 
to  show  the  eetu43nting  material, 
and  another,  like  logwood,  to 
show  \ip  the  nuclei  of  the  cells. 

A  portion  of  the  fresh  tiifiue 
is  taken  and .  immersed  for  a  ffew 
minut'es  in  a  i  per  cent,  solution 
of  nitrate  of  silver;  it  li&  taken 
otit^  washed  with  distilled  water, 
and  ox|x>aed  in  water  or  spirit  to 
81  n  ih  gh  t ,  Til  e  si  1  vcr  f 0  r ms  a  com- 
|xmnd  with  the  cement,  which 
in  the  ligjit  i^  decomposed  or  re- 
duced, leiuiing  to  a  fine  depodt 
of  silvtT,  showing  as  black  or 
brown  lines  between  the  cells,  and 
iLccunitely  defining  their  outlinea. 
The  preparation  may  then  be 
imrnei*sed  in  some  atain  like  log- 
wood to  bring  out  the  miclei,  and 
fiually  moiuited  in  the  usual  way* 
Tlio  details  of  histological  work 
can  only  be  properly  leamt  in  a 
practical  class. 

Fig,  28  ghows  the  appearance 
presented  in  a  preparation  of 
lung.  In  the  alveoli  or  air-sacs 
of  the  lung,  pavement  epithelium 
of  a  typical  kind  m  foimd  form- 
ing a  lining  membrane. 
Endothelium. — Epitlielitim  of  similar  appearance  is  fotind 
lining  the  interior  of  the  whole  of  the  vascular  system,  heart, 
arteries,  capillaries,  veins,  and  lymphatics,  and  in  the  adjuncts  of 
the  circulatory  system  called  the  serous  membranes  (perictu*dium, 
peritoneum,  etc.). 

This  epithelium  is  foi-med  from  the  middle  layer  of  the  embryo, 
the    uiesoblast ;    most  other  epithelium  is  derived   either    from 
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epiblast  or  hypoblast.     Hence  it  has  received  a  distinct  name, 
viz. :  endothelium. 

The  general  appearance  presented  by  eudotheliimi  in  serous 
membranes  is  shown  in  figs.  29,  30,  and  31  ;  in  blood-vessels  in 

fig.  32- 

The  stomata  seen  in  some  of  the  drawings  are  minnte  openings 
surrounded  by  more  darkly  stuining  cells,  which  lead  from  serous 
cavities  into  lymphatic  vessels. 

Cubical,  Spheroidal,  and  Columnar  Epithelium. 

In  these  forms  of  epithelium,  the  cells  are  not  flat,  but  are 
thick  ;  if  they  approximate  cubes  or  spheres  in  shape,  the  epi- 
thelium is  called  cubical  or  spheroidal  respectively.  Spheroidal 
epithelium  is  found  in  the  alveoli  of  secreting  glands,  such  as  the 
salivary  glands,  liver,  and  pancreas  (see  figs.  33  and  34),  and  will 


Fig.  33.— Olandular  epithelium.  Small  lobule  of  a 
mucous  gland  of  the  tongue,  showing  nucleated 
glandular  oella.     x  200.    (V.  D.  Harris.) 


Fig.  34.— A  small  piece  of  the  liver 
of  the  horee.    (Cadiat.) 


be  discussed  at  length  in  connection  with  tliose  organs.  Cubical 
epithelium  is  found  in  the  alveoli  of  the  thyroid  (see  fig.  35),  in 
the  tubules  of  the  testis,  and  in  the  ducts  of  some  glands. 

In  columnar  epithelium  the  cells  are  tall,  and  form  a  kind  of 
palisade  or  rows  of  columns.  It  is  found  lining  the  interior 
of  the  stomach  and  intestines,  and  the  ducts  of  the  majority  of 
secreting  glands ;  it  forms  also  the  layer  on  the  outer  surface 
of  the  ovary. 

In  the  intestinal  epithelium  each  cell  has  a  distinct  brightly 
refracting  and  striated  border.  Fig.  36  shows  two  isolated  cells 
of  this  kind. 
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The  nucleus  with  its  usual  network  and  the  vacuolated  con- 
dition of  the  protoplasm  are  very  well  seen.  The  attached  border 
is  narrower  than  the  free  edge.     Amoeboid  lymph  cells  are  found 


Fig.  35.— Section  of  human  thyroid ;  the  few  VGoiclee  thown  acre  lined  by  eufaioal  eptth*- 
limn,  and  contain  a  oolluid  material.    (After  BchAfer.) 

in  the  spaces  that  must  necessarily  be  left  when  cells  of  siich^. 
a  shape  cover  a  surface.     Fig.  3  7  shows  a  row  of  columnar  cells 
from  the  rabbit's  intestine. 

The  next  figure  (fig.  38)  shows  the  arrangement  of  these  cells 


Fig.  36.— ColumnAT  epithelium  cells  of  the  rabbit'H  inteHtines.  The  cells  have  been  isolated 
after  maceration  in  very  weak  chromic  acid.  The  oelln  are  much  vacuolated,  and  one 
of  them  has  a  fat  globule  near  ito  attached  end.  The  Htriated  border  («tr.)  is  well 
seen,  and  Uie  bright  disc  separating  it  from  the  cell  protoplasm,  n,  nnelem  With 
intranuclear  network,  n,  a  thinned  out  winglike  projection  of  the  cell  which  probably 
fitted  between  two  adjacent  cells.    (Schiifer.) 


on  the  surface  of  a  villus,  oue  of  the  numerous  little  projections 
found  in  the  small  int<;stine. 
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The  gaps  seen  there  are  due  to  the  formation  of  what  are 
called  goblet  cells.     In  some  of  the  cohimnar  cells,  a  formation 


Fig.  37. — A  row  of  columnar  ccUb  from  the  rabbit's  intetttine.    Smaller  celln  are  leen 
between  the  epithelium  cells ;  these  are  lymph-corpuscles.    (Schafer.) 

of  granules  occurs  which  consist  of  a  substance  called  mucigen  ; 
these  run  together,  and  are  discharged  from  the  cell  as  a  brightly 


Fig.  38. — ^Vertical  section  of  an  intestinal  villus  of  a  cat.  «,  the  striated  basilar  border 
of  the  epithelium ;  b,  columnar  epithelium ;  e,  goblet  cells ;  </,  central  iTrnph-vessel ; 
«.  unstriped  muscular  fibres ;  /,  adenoid  stroma  of  the  riUus  in  which  are  contained 
lymi^-oorpusclea.    (Kkin.) 

refracting  globule  of  mucin,  leaving  the  cell  with  open  mouth  like 


Fig.  39.— Goblet  cells.     (Klein.) 


a  goblet,  the  nucleus  being  surrounded  by  the  remains  of  the 
protoplasm  in  its  narrow  stem  (see  fig.  39). 
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This  trauBformation  is  a  normal  process  continually  going  on 
throughout  life,  the  discharged  mucin  contributing  to  form  mieeus. 
The  cells  themselves  may  recover  their  original  shape  after  dis- 
charge, and  repeat  the  process  later  on. 


Ciliated  Epithelium. 

The  cells  of   ciliated  epithelium  are   generally  of   columnar 
shape  (fig.  40),  but  they  may  occasionally  be  spheroidal  (fig.  41). 


Fig  40.— Ciliated  epithelium  from  the  human 
trachea,  a,  large  fully  formed  cell; 
6,  shorter  cell ;  c,  developing  cells  with 
more  than  one  nucleus.    (Cadiat.) 


Fig.  41.— Spheroidal  ciliated 
cells  from  the  mofuth  of 
the  frog.  X  300  diame- 
ters.   (Bhaipey.) 


Each  cell  is  surmounted  by  a  bunch  of  fine  tapering  filaments. 
They  were  originally  called  cilia  because  of  their  resemblance  in 


Fig.  J2.— Ciliated  epithelium  of  the  human  trHtlu-n.  n,  layer  of  longitudinally  arranged 
elaNtic  fibres ;  h,  bajw-ment  niembnine ;  c,  deepest  coll?*,  divular  in  form ;  rf,  inter- 
mediate elongated  eellw  ;  *■,  outenno«t  laver  of  eelln  fullv  developed  and  bearing  cilia. 
X  350.    (Kolliker.) 

shape    to    eyelashes.       They    ditlbr     from     eyelashes     in    being 
extremely  small,  and  in  not  being  stiff;  they  are  in  fact  composed 
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of  protoplasm.  During  life  these  move  to  and  fro,  and  so  produce 
a  current  of  fluid  over  the  surface  they  cover.  Like  columnar 
cells,  they  may  form  goblet  cells  and  discharge 
mucus. 

In  the  larger  ciliat^  cells,  it  will  be  seen 
that  the  border  on  which  the  cilia  are  set 
is  bright,  and  composed  of  little  knobs,  to 
each  of  which  a  cilium  is  attached  ;  in  some 
cases  the  knobs  are  prolonged  into  the  cell  pro- 
toplasm as  filaments  or  rootlets  (fig.  43). 

The  bimch  of  cilia  is  homologous  with  the 
striated  border  of  columnar  cells. 

Ciliated  epithelium  is  found  in  the  human 
body,  (i)  lining  the  air  passages,  but  not  in  the 
alveoli  of  the  lungs ;  these  are  lined  by  pave- 
ment epithelium ;  (2)  in  the  Fallopian  tubes 
and  upper  part  of  the  uterus ;  (3)  in  the  ducts 
of  the  testis  known  as  the  vasa  efferentia  and 
coni  vasculosi ;  here  the  cilia  are  the  longest 
found  in  the  body ;  (4)  in  the  ventricles  of  the 
brain    and    central  canal   of    the  spinal   cord ; 

(5)   the  tail  of  a  spennatozoon   may  also  be 

regarded  as  a  long  cilium. 

In  other  animals  cilia  are  found   in  other 

parts ;  for  instance,  in  the  frog  the  mouth  and 

gullet  are  lined  by  ciliated  cells;  in  the  t;ul- 

pole,  the  whole  surface  of  the  body  and  especially 

the  gills  are  covered   with  cilia.     Among  the 

invertebrates   one    finds  many    protozoa   com- 
pletely covered  with   cilia;  in   many  embryos 

the  cilia  are  arranged  in  definite  bands  round 

the  body  ;  in  the  rotifers  or  wheel  animalcules, 

a  ring  of  cilia  round  the  mouth  gives  the  name 

to  this  particular  group.     The  gills  of  many 

animals  are  covered  with  cilia  ;  and  the  cells  of  the  kidney  tubules 

in  some  animals  are  ciliated. 


ig.  A  J.  —  Ciliated 
cell  irom  the  intes- 
tine of  a  moUuHC. 
(Engelmann.) 


Ciliary  Motion. 

Ciliary  motion  reminds  one  of  amfeboid  movement,  but  it  is 
much  more  i*apid,  and  more  orderly.  It  consists  of  a  rhythniiwil 
movement  of  the  cilia,  a  bending  over,  followed  by  a  lessening  of 
the  curvature,  repeated  with  great  frequency. 

When  living  ciliated  epithelium,  e.//.,  from  the  gill  of  a  mussel, 
or  from  the  mouth  of  the  frog,  is  examined  under  the  microscope 
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in  a  drop  of  0*6  per  cent,  solution  of  common  salt  {normal  aaUne 
udutioH),  the  cilia  are  seen  to  be  in  oonstant  rapid  motion,  each 
cilium  being  fixed  at  one  end,  and  swinging  or  lashing  to  and 
fro.  The  general  impression  given  to  the  eye  of  the  obaerrer 
is  very  similar  to  that  produced  by  waves  in  a  field  of  com,  or 
swiftly  running  and  rippling  water,  and  the  result  of  their  more- 
ment  is  to  produce  a  continuous  current  in  a  definite  direction, 
and  this  direction  is  the  same  on  the  same  surface,  being  usu&llj 
in  the  case  of  a  cavity  towards  the  external  orifice. 

There  is  not  oiiiy  rhythmicality  in  the  movement  of  a  single 
cilium,  but  each  acts  in  harmony  with  it«  fellows  in  the  same 
cell,  and  on  neighbouring  cells. 

The  uses  of  cilia  can  from  the  above  be  almost  guessed  ;  in 
the  respiratory  passages  they  create  a  current  of  mucus  with 
entangled  dust  towards  the  throat ;  in  the  Fallopian  tube  or 
oviduct  they  assist  the  ovum  on  its  way  to  the  uterus ;  in  the 
gullet  of  the  frog  they  act  downwards  and  assist  swallowing ;  in 
the  ciliated  protozoa  they  are  locomotive  organs.  Over  the 
gills  of  marine  animals  they  keep  up  a  fresh  supply  of  water, 
and  in  the  case  of  the  rotifers,  which  are  fixed  animals,  the  current 
of  water  brings  food  to  the  mouth. 

Ciliary  motion  is  independent  of  the  will,  of  the  direct  influence 
of  the  nervous  system,  and  of  muscular  contraction.  It  may 
contiiuie  for  several  hours  after  death  or  removal  from  the  body, 
provided  the  portion  of  tissue  under  examination  be  kept  moist 
Its  independence  of  the  nervous  system  is  shown  also  in  its 
occurrence  in  the  lowest  invertebrate  animals  which  are  un- 
provided with  anything  analogous  to  a  nervous  system,  in  its 
persistence  in  animals  killed  by  prussic  acid,  by  narcotic  or 
other  poisons,  and  after  the  direct  application  of  narcotics,  such 
as  morphia,  opium,  and  belladonna,  to  the  ciliary  surface,  or  of 
electricity  through  it.  The  vapour  of  chloroform  sirrests  the 
motion,  but  it  is  renewed  on  the  discontinuance  of  the  applica- 
tion. The  movement  ceases  when  the  cilia  are  deprived  of 
oxygen,  although  it  may  continue  for  a  time  in  the  absence  of 
free  oxygen,  but  is  revived  on  the  admission  of  this  gas.  Car- 
bonic acid  stops  the  movement.  The  cont«act  of  various  sub- 
stiinces,  f.//.,  bile,  strong  acids,  and  alkalis,  will  stop  the  motion 
altogether  ;  but  this  seems  to  depend  chiefly  on  destruction  of 
the  delicate  substance  of  which  the  cilia  are  composed.  Tem- 
peratures above  45^  C.  and  near  o^  C.  stop  the  movement, 
whereas  moderate  heat  and  dilute  alkalis  are  favourable  to  the 
action  and  revive  the  movement  after  temporary  cessation.  The 
exact  explanation  of  ciliary  movement  is  not  known  ;  whatever 
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may  be  the  exact  cause,  the  movement  must  depend  upon  some 
changes  going  on  in  the  cell  to  which  the  cilia  are  attached,  as 
when  the  latter  are  cut  off  from  the  cell  the  movement  ceases, 
and  when  severed  so  that  a  portion  of  the  cilia  are  left  attached 
to  the  cell,  the  attached  and  not  the  severed  portions  continue 
the  movement  The  most  probable  cause  of  the  movement  is 
that  it  is  part  of  the  inherent  power  which  protoplasm  possesses, 
and  that  the  cilia  are  but  prolongations  of  the  spongioplasm 
of  the  cell.  It  has  been  suggested  by  Engelmann  that  if  this 
l>e  the  case,  the  contractile  part  of  the  protoplasm  is  only  on 
the  concave  side  of  a  curved  cilium,  and  that  when  this  contracts 
that  the  cilium  is  brought  downwards ;  where  relaxation  occurs, 
the  cilium  rebounds  by  the  elastic  recoil  of  the  convex  border. 

Schafer  has  suggested  that  the  flow  of  hyaloplasm  backwards 
and  forwards  will  explain  ciliary  as  it  will  amoeboid  movement. 
In  an  amoeboid  cell,  the  spongioplasm  is  irregular  in  arrange- 
ment, hence  an  outflow  of  hyaloplasm  from  it  can  occur  in  any 
direction.  But.  in .  the  curved  projection  called  a  cilium,  the 
hyaloplasm  can  obviously  flow  in  only  one  direction  into  the 
cilium  and  back  again.  The  flow  of  more  hyaloplasm  into  the 
spongioplasm  of  the  cilium  will  cause  it  to  curve,  the  flow 
of  the  hyaloplasm  back  into  the  body  of  the  cell  will  cause  the 
cilium  to  straighten. 

The  action  of  dilute  alkalis  and  acids  on  cilia  is  interesting. 
Dilute  acids  stop  ciliary  motion  ;  and  cilia,  if  aflowed  to  act  in 
salt  solution  for  a  time,  get  more  and  more  languid  and  finally 
cease  acting  ;  in  popular  language  they  become  fatigued.  Now 
we  shall  find  in  muscle  that  fatigue  is  largely  due  to  the  accumu- 
lation of  the  acid  products  of  muscular  activity  ;  remove  the 
sarco-lactic  acid  and  fatigue  passes  off.  It  is  probable  that 
the  same  occurs  in  other  contractile  tissues ;  the  cilia  gradually 
stop,  due  to  acid  products  of  .their  activity  collecting  around 
them  ;  when  these  are  neutralised  with  dilute  alkali  the  cili:v 
resume  activity. 

Transitional  Epithelium. 

This  term  has  been  applied  to  cells  which  arc  neither  arranged 
in  a  single  layer,  as  is  the  case  with  simple  epithelium,  nor  yet 
ill  many  superimposed  strata,  as  in  stratified  epithelium  ;  in 
other  words,  it  is  employed  when  epitlielial  cells  are  found  in  two, 
three,  or  four  superimposed  layers. 

The  upper  layer  may  be  either  columnar,  ciliated,  or  squamous. 
When  the  upper  layer  is  columnar  or  ciliated  the  second  layer 
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consists  of  smaller  cells  fitted  into  the  inequalitieB  of  the  cells 
above  them,  as  in  the  trachea  (fig.  42). 

The  epithelium  which  is  met  with  lining  the  urinaiy  bladder 
and  ureters  is,  however,  the  transitional  par  excdUnee,  In  ^ 
variety  there  are  two  or  three  layers  of  cells,  the  upper  being 
more  or  less  flattened  according  to  the  full  or  coUapaed  oondition 
of  the  organ,  their  unjler  surface  being  marked  with  one  or  more 
depressions,  into  which  the  heads  of  the  next  layer  of  club-«haped 
cells  fit.  Between  the  lower  and  narrower  parts  of  the  aeoond 
row  of  cells  are  fixed  the  irregular  cells  which  constitute  the 
third  row  ;  sometimes  a  fourth  row  is  present  (fig.  44).  It  can 
be  easily  understood,  therefore,  that  if  a  scraping  of  the  mucous . 


Fig.  44.— Epithelium  of  the  bladder,  a,  one 
of  the  oellH  of  the  flret  row  ;  6,  a  cell  of 
the  second  row ;  %  cella  in  aiiu^  of  first, 
secondt  and  deepest  layers.  (Obersteiner.) 


Fig.  45.— Transitioiial  epithelial  odli 
from  a  Kiaping  of  the  mnooni 
membrane  ox  the  bladder  of  the 
rabbit.    (Y.  D.  Hanie.) 


membrane  of  the  bladder  is  teased,  and  examined  under  the  micro- 
8co[)e,  cells  of  a  great  variety  of  forms  may  be  made  out  (fig.  45). 
E;ich  cell  contains  a  large  nucleus,  and  the  larger  and  superficial 
cells  often  possess  two. 


Stratified  Epithelium. 

The  term  siratljied  ejntheliuni  is  employed  when  the  cells 
forming  the  epithelium  are  arranged  in  a  considerable  number  of 
superimposed  layers.  The  shape  and  size  of  the  cells  of  the 
different  layers,  as  well  as  the  number  of  the  layers,  vary  in 
different  situations ;  but  the  supei-ficial  cells  are,  as  a  rule,  of  the 
squamous,  or  scaly  variety,  and  the  deepest  of  the  columnar  form. 

The  cells  of  the  intermediate  layers  are  of  different  shapes,  but 
those  of  the  middle  layers  are  more  or  less  rounded.  The  super- 
ficial cells  are  broad  and  overlap  by  their  edges  (fig.  46).  Their 
chemical  composition  is  different  from  that  of  the  underlying  cells, 
as  they  contain  keratin,  and  are  therefore  homy  in  character. 
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The  nucleus  is  often  not  apparent.  The  really  cellular  nature 
of  even  the  dry  and  shrivelled  scales  cast  off  from  the  surface  of 
the  epidermis  can  be  proved  by 
the  application  of  caustic  potash, 
whioh  rapidly  causes  them  to 
swell  and  assume  their  original 
form. 

The  squamous  cells  exist  in 
the  greatest  number  of  layers  in 
the  epidermis  or  superficial  part 
of.  the  skin  ;  the  most  superficial 
of  these  are  being  continually 
removed  by  friction,  and  new  cells  from  below  supply  the  place 
of  thoae  cast  off. 


/■' 


Fi^.  46. —  Epithelium  scalefl   from   the 
mride  of  the  mouth,    x  260.  (Henle.) 


Fig.  47. — ^Vertical  section  of  the  Rtratifled  epithelium  of  the  rabbit's  cornea,  a,  anterior 
eptthdiiun,  showing  the  different  shapes  of  the  cells  at  various  depths  from  the  free 
smface ;  6,  a  portion  of  the  substance  of  cornea.    (Klein.) 

The  intermediate  cells  approach  more  to  the  flat  variety  the 
nearer  they  are  to  the  surface,  and  to  the  columnar  as  they 
approach  the  lowest  layer.  There 
may  be  considerable  intercellular 
intervals ;  and  in  many  of  the 
deeper  layers  of  epitheliiun  in  the 
mouth  and  skin  the  outline  of 
the  cells  is  very  irregular,  in 
consequence  of  processes  passing 
■  from  cell  to  cell  across  these  in- 
tervals. 

Such  cells  (fig.  48)  are  termed 
"ridge  and  furrow,"  "cogged" 
or  "prickle"  cells.  These 
"  prickles  "  are  prolongations  of 
the  intracellular  network  which 
run  across  from  cell  to  cell,  thus  joining  them  together,  the  inter- 
stices being  filled  by  lymph  and  transparent  intercellular  cement 


Fig".  48.— Jagged  cellw  fnim  the  middle 
layeTH  of  stratiDcd  epithelium,  from 
a  vertical  section  of  the  gum  of  a 
new-bom  infant.    (Klein.) 
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substance.  When  this  increases  in  quantity  in  inflammation  the 
cells  are  pushed  further  apart,  and  the  connecting  fibrils  or 
"  prickles  "  elongated  and  therefore  more  clearly  visible. 

The  columnar  cells  of  the  deepest  layer  are  distinctly  nucleated; 
they  multiply  rapidly  by  divisiou ;  and  as  new  cella  are  formed 
beneath,  they  press  the  older  cells  forwards  to  be  in  turn  pressed 
forwards  themselves  towards  the  surface,  gradually  altering  in 
shape  and  chemical  composition  until  they  are  cast  off  from  the 
surface. 

Stratified  epithelium  is  found  in  the  following  situations : — 
(i)  Forming  the  epidermis,  covering  the  whole  of  the  external 
surface  of  the  body  ;  (2)  Covering  the  mucous  membrane  of  the 
nasal  orifice,  tongue,  mouth,  pharynx,  and  oesophagus  ;  (3)  Ab 
the  conjunctival  epithelium,  covering  the  cornea  ;  (4)  Lining  the 
vagina  and  the  vitginal  part  of  the  cervix  uteri. 

Nutrition  of  Epitheliiun. 

Epithelium  has  no  blood-vessels ;  it  is  nourished  by  lymph. 
When  the  blood  is  circulating  through  the  thin-walled  small  blood- 
vessels in  the  tissues  beneath  the  epithelium,  some  of  its  fluid 
constituents  escape.  This  fluid  is  called  lymph  ;  it  penetrates  to 
all  parts  of  the  cellular  elements  of  tissues  and  nourishes  them. 
In  the  thicker  varieties  of  epithelium,  the  presence  of  the  irregular 
minute  channels  between  the  prickle  cells  (fig.  48)  enables  the 
lymph  to  soak  more  readily  between  the  cells  than  it  would 
otherwise  be  able  to  do.  Epithelium  is  also  destitute  of  nerves 
as  a  rule.  But  in  stratified  epithelium,  particularly  that  covering 
the  cornea  at  the  front  of  the  eye  and  in  the  deeper  layers  of  the 
epidermis,  a  plexus  of  nerve  fibrils  is  found. 

Chemistry  of  Epithelium. 

There  is  not  much  to  add  to  what  has  been  already  stated 
concerning  cells ;  protoplasm  and  nucleus  have  the  same  chemical 
composition  as  has  been  already  described  in  Chapter  II.  Two 
new  substances  have,  however,  been  mentioned  in  the  foregoing 
chapter — namely,  mucin  and  keratin. 

Mucin. — This  is  a  widely  distributed  substance  occurring  in 
epithelial  cells  or  shed  out  by  them  (see  <roblet  cells,  fig.  39).  It 
also  forms  the  chief  constituent  of  the  cementing  substance 
between  epithelial  cells.  AVe  shall  again  meet  with  it  in  the 
intercellular  sul)stance  of  the  connective  tissues.  The  mucin 
obtained  from  different  sources  varies  in  comj)Osition  and  reactions. 
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There  are  probably  several  mucins,  but  they  all  agree  in  the 
following  points: — 

(a)  Physical  character :  viscid  and  tenacious. 

(b)  Precipitability  from  solutions  by  acetic  acid.  They  all 
dissolve  in  dilute  alkalis,  like  lime-water. 

(c)  They*  are  all  compounds  of  proteid,  with  a  carbohydrate 
called  animal  gum,  which  by  treatment  with  dilute  mineral 
acid  can  be  hydrated  into  a  reducing  but  non-fermentable 
sugar. 

The  substance  mucin,  when  it  is  formed  within  cells  (goblet 
cells,  cells  of  mucous  glands),  is  preceded  in  the  cells  by  granules 
of  a  substance  which  is  not  mucin,  but  is  readily  changed  into 
mucin.  This  precursor,  or  mother-substance  of  mucin,  is  called 
mucigen  or  mucinogen. 

Keratin,  or  homy  material,  is  the  substance  found  in  the  sur- 
face layers  of  the  epidermis,  in  hairs,  nails,  hoofs,  and  horns.  It 
is  very  insoluble,  and  chiefly  differs  from  proteids  in  its  high 
percentage  of  sulphur. 

These  two  substances,  mucin  and  keratin,  are  not  proteids,  though  similar 
to  them.  They  are  members  of  a  heterogeneous  group  of  proteid-like  sub- 
stances which  are  calle<l  albuminoids,  and  several  more  members  of  this 
group  wc  shall  have  to  consider  in  our  next  chapter  on  the  connective 
tissues. 


CHAPTER    IV. 

THE   CONNECTIVE   TISSUES. 

The  connective  tissues  are  the  following : — 

1.  Areolar  tissue. 

2.  Fibrous  tissue. 

3.  Elastic  tissue. 

4.  Adipose  tissue. 

5.  Retiform  and  lymphoid  tissues. 

6.  Jelly-like  tissue. 

7.  Cartilage. 

8.  Bone  and  dentine. 

9.  Blood. 

At  first  sight  these  numerous  tissues  appear  to  form  a  very 
heterogeneous  group,  including  the  most  solid  tissues  of  the  body 
(bone,  dentine)  and  the  most  fluid  (blood). 
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But  on  examining  a  little  more  deeply,  one  finds  that  the 
grouping  of  these  apparently  different  tissues  together  depends 
on  a  number  of  valid  reasons,  which  may  be  briefly  stated  as 
follows : — 

1.  They  all  resemble  each  other  in  origin.  All  ^re  formed 
from  the  mesoblast,  the  middle  layer  of  the  embryo. 

2.  They  resemble  each  other  structurally ;  that  is  to  say,  the 
cellular  element  is  at  a  minimum,  and  the  intercellular 
material  at  a  maximum. 

3.  They  resemble  each  other  functionally ;  they  form  the 
skeleton,  and  act  as  binding,  supporting,  or  connecting 
tissues  to  the  softer  and  more  vital  tissues. 

An  apology  is  sometimes  made  for  calling  the  blood  a  tissue, 
because  one's  preconceived  idea  of  a  tissue  or  texture  is  that  it 
must  be  something  of  a  solid  nature.  But  all  the  tissues  contain 
water.  Muscular  tissue  contains,  for  instance,  at  least  three- 
quarters  of  its  weight  as  water.  Blood,  after  all,  is  not  much 
more  liquid  than  muscle.  .Blood,  moreover,  contains  cellular 
elements  analogous  to  the  cells  of  other  tissues,  but  separated  by 
large  (juantitics  of  a  fluid  intercellular  material  called  blood- 
plasma. 

Blood  is  also  mesoblastic,  and  thus  the  two  first  characteristics 
of  a  connective  tissue  are  present.  It  does  not  fulfil  the  third 
condition  by  contributing  to  the  support  of  the  body  as  part  of 
the  skeleton,  but  it  docs  so  in  another  sense,  and  serves  to 
support  the  body  by  conveying  nutriment  to  all  parts. 

We  may  now  proceed  to  a  consideration  of  this  long  list  of 
tissues,  one  by  one,  in  the  order  named. 


Areolar  Tissue. 

It  is  convenient  to  take  this  first,  as  it  is  a  very  typical 
connective  tissue.  It  has  a  wide  distribution,  and  constitutes 
the  subcutaneous,  subserous,  and  submucous  tissues.  It  forms 
sheaths  (fiiseiie)  for  muscles,  nerves,  blood-vessels,  glands,  and 
internal  organs,  binding  them  in  position  and  penetrating  into 
their  interior,  supports  and  connects  their  individual  parts. 

If  one  takes  a  little  of  the  subcutaneous  tissue  from  an  animal, 
and  stretches  it  out  on  a  glass  slide,  it  appears  to  the  naked  eye 
like  a  soft,  fleecy  network  of  fine  white  fibres,  with  here  and  there 
wider  fibres  joining  it.      It  is,  moreover,  elastic. 

But  in  order  to  make  out  its  structure  accurately  it  is  necessary 
to  examine  the  thinnest  i>ortions  of  the  film  with  the  microscope,  and 
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the  actkm  of  staming  and  other  reagents  may  then  be  also  studied. 
By  such  means  it  is  seen  that  this  typical  connective  tissue  consists 


Pig.  49b — Bundles  of  the  white  fibres  of  aieoUr  tissue  partly  unravelled. 
(After  Sharpey.) 

of  four  different  kinds  of  material,  or,  as  they  may  be  termed, 
hiOoUgieal  elemetUs.     They  are  : — 

(a)  Cells,  or  connective-tissue  cor 
pnsoles. 

(b)  A  hookogeneous  matrix,  ground 
BubBtaace,  or  intercellular  mate- 
rial 

(c)  White  fibres  )  r^^^ 

(d)  Yellow  or  elastic  fibres  J 
are  deposited  in  the  matrix. 

In  coQSidering  these  four  histological 
elements  we  may  first  take  the  fibres, 
because  they  are  the  most  obvious  and 
abundant  ol  the  structures  observable. 

The  white  fibres.  These  are  ex- 
qtiisitely  fme  fibres  collected  into 
bundles  which  have  a  wavy  outline. 
The  bundles  run  in  different  directions, 
forming  an  irregular  network,  the 
meshes  between  which  are  called 
areoke  ;  henee  the  name  areolar.  The 
iodividual  fibres  never  branch  or  join 
other  fibres,  but  they  may  pass  from  one  bundle  to  another. 

Oft  trantmeot  with  dilute  acetic  acid  they  become  swollen  and 


Fig.  50.— Eiastic  fibres  of  areolar 
tissue.     (After  Sohafer.) 
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iiidintinut^  leaving  the  other  struoturej^  niLxed  with  them  more 
apparent. 

They  are  composed  of  the  chemical  substance  called  a^Htj^en^ 
On  boiling  they  yield  gelatin  ;  some  chemisU  regard  collagen 
as  the  anhydride  of  geUitin ;  but  whether  this  ia  bo  or  not,  the 
gelatin  m  nndoubtedly  derived  from  the  collagen.  Gelatin  m  a 
proteid-like  substance  tliough  not  a  proteid.  It  belongs  to  the 
claaa  of  albuminoids.  It^  most  eh^irauteristic  property  ia  ita  power 
of  jellying  or  gelatinising  ;  that  %  it  is  soluble  iu  hot  water,  but 
OQ  cooling  the  solution  it  seta  inlo  a  jelly. 

The  ^tllow  or  eia$tk  filiTU.  These  are  seen 
readily  after  the  white  fibres  are  rendered  almost 
invisible  by  treatment  with  diltite  acetic  acid,  or 
after  stain  big  witli  magenta,  for  which  elastic  fibres 
have  a  great  affinity.  They  are  bigger  than  the 
white  fibres,  ha\e  a  distinct  outline,  and  a  straight 
course ;  they  run  singly,  branch,  and  join  neigh- 
boiu-itig  fibres  (fig.  50), 

The  material  of  which  the  elastic  fibres  are  com- 
posed is  calleti  el(t»iin  ;  this  is  another  albuminoid. 
It  is  unaltered,  aa  we  have  seeui  by  dilute  acid. 
It  also  resists  the  action  of  very  strong  aaid,  and  is 
not  afTected  by  boiling  water. 

The  bundles  of  white  fibres  which  have  been 
swollen  out  by  dilute  acetic  acid  sometimes  ex- 
hibit constrictions  as  in  fig.  51.  These  are  due  to 
elastic  fibres  or  cell  processes  encircling  them  and 
preventing  the  swelling  at  those  pointa. 

Conne<^Uvetisstf£  corpitsclfn.  These  are  the  cells 
of  connective  tissue :  several  varieties  may  be 
made  out,  especially  after  a  preparation  has 
been  stained^ 

1.  Flattened  cells,  branched,  and  often  united 
by  their  processes,  as  in  the  cornea, 

2,  Flattened  cells,  un branched,  and  joined  edge 
to  edge  like  the  cells  of  an  epitbebum  ;  these  are  well  seen 
in  the  sheath  of  a  tendon. 

Plaamu  cells  of  Waldoyer,  varying  greatly  in  mizg  and  form, 
hut  not  flattened.     The  protfjplasm  is  much  vacuolated. 

Grantde  cellfi  :  like  plasma  cells,  but  containing  albuminous 
granules  (stainahle  by  eosin)  itisteiid  of  vacuoles. 

Wander  cells  :  white  blood- corpuscles  w  liich  have  emigrated 
frtJm  the  neighbouring  bloori-vea-sek. 
6.  Pigment  cells :  these  are  seen  in  the  subcutaueous  tissues 


Ui 


rte.  51.— A  iFlut« 
Suudii^  «iiroll«ti 
bf  noetic  »cifl. 
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of  man  J  animals,  e.g.,  the  fn>g^  and  in  the  charoid  ooat  of 
the  ejeball. 
Fig.  55  showa  a  highly  magnified    vitsw  of  a  small  piece  of 
aubeutaoeo^id  tisstie,  and  illustnit^s  the  irregular  way  in  which 
tbe  dthrm  ttnd  celJs  are  ititermixed. 


Flff.  52.— Honxoniul  ppepmneion  ol  tV*  foniBii  of 
ffag^  tttAiuetl  in  gold  pWoride ;  ahowing  the 
tuCvgirk  of  bnuicSc^  cornea  cisniitBctec.    Tho 


Fig-,  vj . — Kiuiufli.<d  pigment* 
ccUi,  from  the  tdvue  ol 
the  cliurcHd  coftt  of  the 
etOn  X  ,}5o.  fl,  cjelj  witli 
pilfmctni ;  h^  colourleu 
ftunlomi   Of»Ui.      (KulU- 


-s^* 


f^.  u.— Fhlt*  frijomad^d,  bnujcb^  csonaeHivie'H-^fiie  oeUfi  frqm  Uie  Hht^i^tii  of  &  lAnfa 
blood-fiuielof  thefIw'■mc««Ilt(:^t7;  t^  '  i:iiio£diitCribytfid  uatfarmlrtlLrcxufft' 

«itt  the  fubstanw?  of  the  lurger  oelU  'Wioe  parb»  of  it  loolc  blacker  tbftn 

eititfiSM {lUKMiatmcted  itiit*! I .    In  the  {•■  .  .  ik rncMt of  thepi^nioit  ui wilhdr&vn 

into  the  ct'll-bod;-*  eo  tbAt  they  ipiwiu  sni4JLtJi!i>  blfuJcfir,  atul  lev  bimoched.    X  350. 
(meiu  ftod  Noble  l^mfih, } 

But  we  hiive  still  to  consider  the  undifferentiated  intereellular 
material  which  is  culled 

Th4  ffround-an^jittance.  This  may  be  represented  in  fig*  55  by 
the  white  background  of  the  paper. 

It  may  be  readily  demonstrttted  iu  a  silver  nitrate  prepa- 
ration ;  for  the  intercellular  material  has  the  Bame  property  of 
reducing  silv^er  galt^   iu    the  sunlight  that   the  eemeot-material 


Fig.  .i^!^^— Areot&r  tjiiiufi^  The  white  flbm  &rft  a&ea  m  wavjr  bundtat  ^  th«  eliutiG  flfam 
(arm  lui  Q-pea  networks  p,  ;?«  pUsma  oellei.  £i'„  gTqjiii.l«  t^ell,  «-,  t,  Iftmellfcr  aUa^ 
/,  flbriiUfced  ceU,    (Alter  BdOler.) 

The  spaces  intercommuaicate  like  the  cells,  and  l)eing  cou- 
siderablj  larger  than  the  cells  fomi  a  raniifvitig  network  of 
irregular  channeK  which  were  first  termed  by  v,  Keaklinghauaaia 


Wig,  56.— GiotiBd  mbitiUM^  of  dcvuHeti^c  tiJMiw^  Miliied  by  ■tlTw  nitvmtAi    The  cell 
&re  lef t  w  bi  t^.     (After  Si^lifiitO 

the  Saft  Kim^i^fhen^  or  little  juice  c^tnals.    Areolar  tiasue  m  eertait^ly 
proTided  with  blood -%"eijBeh,  but  the  tissue  elementa  are,  as  in  &U 
pruyided  with  uutrimeut  bj  th«  esudatiou  from  the  blood 
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called  lyniph.     The  Safi  Kandlchen  enable  the  lymph  to  penetrate 
to  every  part  of  the  areolar  tissue. 


Development  of  Areolar  Tissue. 

The  mesoblastic  cells  in  those  parts  where  the  tissue  is  to  be 
formed  become  branched  and  fusifornL 


Fig.  57.— Portion  of  gabmueouB  Umuo  of  ffravid  uterun  of  bow.    a,  branched  odli,  mare  or 
less  spindle-flhapcd ;  b,  bunales  of  connectiTe  tiaanie.    (Klein.) 

These    ultimately   become   the    connective-tissue    corpuscles, 
and  they  get  more  and  more  widely  separated  by  intercellular 


Fig.  58. — Jellv  of  Wharton,    r,  ramified  cella  intercommunicating  by  their  branches, 
row  of  lymph-oellK.    /,  flbrcH  developing  in  the  ground  substance.    (Ranrier.) 


i,» 


material,  partly  shed  out  by  the  cells  themselves,  partly  shed  out 
from  the  neighbouring  blood-vessels.  This  l)ecomes  the  ground 
substance.  The  fibres  form  subsequently  in  this  as  crystals  may 
be  deposited  by  a  liquid.  At  one  time  it  was  believe<i  that  the 
cells  themselves  became  elongated  and  converted  into  fibres.     No 
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doubt  the  cells  do  exercise  a  controlling  influence  on  fibre-formation 
in  their  neighbourhood,  but  it  is  extremely  doubtful  whether  they 
ever  become  fibres.  The  formation  of  fibres  is  now  believed  to  be 
intercellular.     Some  of  the  fibres  formed  are  of  the  white,  others 


Fig.  59.— Development  of  elastic  tissue  by  deposition  of  fine  granules.  g<,  fibres  being 
formed  by  rows  of  elastic  fpunules.  j9,  platelike  ezpcuision  of  eUstio  subatance 
fonned  by  the  fusion  of  elastic  granules,    (l^lanvier.) 

of  the  yellow  variety.  In  the  case  of  the  elastic  fibres,  rows  of 
granules  of  elastin  are  first  deposited  ;  these  joining  together  in 
single  or  multiple  rows  form  the  long  fibres  :  traces  of  this  are 
seen  in  transverse  markings  occasionally  noticeable  in  the  larger 
elastic  fibres. 

Fibrous  Tissue. 

This  is  a  kind  of  connective  tissue  in  which  the  white  fibres 
predominate ;    it    is    found  in    tendons  and   ligaraentfi,    in    the 


Fig.  60. — Mattire  white  fibrous  tuwue  of  tendon,  coni^istiog  mainly  of  fibres  with  a  few 
scattered  fusiform  cells.     (Strieker.) 
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periceteumt  ^um  miitcr,  true  Bkin^  thtj  sokrotits  coat  of  the  eye, 
And  In  the  thicker  fiisdH;  and  a{)orieurose8  of  niiisck. 


^.r. 


Ifc!^^^ 


^i.--Cmtiaiil  teadim  of  fmrng  Tut,  ^bnwing  Ui*  WTsmjreTncot,  form*  mad  stmctiuts  of 

I      Tlie  tissue  ia  one  of  great  strength  ;  this  is  conferred  upon  it 

hy  the   arDingement  of   the   fihres,  the  bundles  of  which    run 

imniUel,   union    here,   as    elsewhere, 

giving  strength     The  fihrea  of  the 

mme  bundle  now  and  if  ten  intersect 

eftch    other.     The    eelk   in    tendons 

{^g,  6t}  are  forced  to  take  up  a 
I  simiiar  orderly  arrangement,  and  arc 

arranged    in    long     chains    in    the 

ground     substaiice     sepamting    tb<? 

bnndlea  of  tibruH*   nnti   are    more   ur 

lass  reja:tdarly  t)niidn lateral  with  large 

round     nuclei     containing    nucleoli, 

whioh  are  generally  place*!  ao  aa  to 

he  liearly   contiguous    in    two  cells, 

iM^h    of    these   celk   consists   of  a 

thick  body,  from  which  processes 
in  Tarious  directions  into,  and 
^HUtially  fill  up  tlio  a^iaccs  between, 

the    bnudlei   of    fibres.     The    rows 

of    cells    arfl    separated    from    owe 

another  by  lines  of  cement  substance. 

The  cells  are  generally   marked   by 

ont!  or  more  lines  or  stripes  when   viewed  longitudinally.     This 

Appearanoe  ia  really  produced  by  the  wiug-like  processes  of  the 


Fig .  §2,— Truuvene  AectioQ  of  tendon 
from  &  CTQti  toctiafa  of  Uie  tail  of 
«  rabbit,  vhofHnf  sb^ntl),  Htutnu 
HPpta,  ftod  l»Ba£lii!d  eonnectiv&^ 
tiMti«  corpuc]f«.  The  ^itoQ« 
left  wtiit#  m  the  dinvfn^  repif*- 
sent  the  teadiwouM  Hbnm  m  tnnii^ 
T«ne  aectiOD.      X  150.    (IDwio.j 
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cell,  which  project  a waj  fn>m  the  dm!  part  of  the  cell  indiflferettt 
directions.  Them  proce**Mi*B  not  heing  in  the  niwiie  plane  hm  the 
iKKiy  of  the  eell  are  out  of  foci  is,  and  give  rise  to  these  bright 
stripes  wht-n  i]w  celh  are  l*Mjkefl  at  frotii  above  and  are  in  foens. 


Fig*  6j.--Ci.^ll  BpAces  of  tendoii*  brought  iiit^j  view  by  Uffttmeat  witli  ulver  mtnte. 

The  branched  chAraoterof  tho  cells  is  seen  in  transverse  section 
ui  fig,  62. 

The  cell  spaces  in  which  the  cells  lie  are  in  arrangement  like 
the  cell 3 ;  thej  chti  be  brought  into  relief  hy  stahiing  with  silver 
nitrate  (see  fig,  63), 

Blaetic  Tissue. 

This  is  a  foim  of  connective  titisue  in  which  the  yellow  or 
elastic  fibres  predominate.     The  yellow  fibres  are  larger  than  those 

found  in  areolar  tissue  (see  fig.  64), 
and  are  boiuid  into  bundles  by 
areolar  tisaue.  It  ia  fonnd  in  the 
Hganientum  nuchie  of  the  01,  horae, 
and  many  other  animals ;  in  the 
ligamenta  subflava  of  man  ;  in  tha 
arterieii  and  veins,  constituting  the 
fenestrated  coat  of  Henle  ;  hi  the 
lungi>}  and  trachea  ;  in  the  stylo- 
hyoid, thyro-hyoid,  and  erico- thy- 
roid ligaments  ;  in  the  true  vo<^ 
cords. 

Sirutrture.~¥AH^t\c  tissue  occuni 
in  various  forms^  from  a  structure- 
less, elastic  membrane  to  a  tiiisue 
whose  chief  constituents  are  bundles 
of  fibres  crossing  each  other  at 
different  angles ;  when  seen  in 
bundles  elastic  fibres  are  yellowish 
in  colour,  but  indiyidual  fibres  iure  not  so  diatinotly  coloured.     The 


F!g.  64,— £]A«tic  flbrcfl  from  the  Him- 
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liiTger  daBtio  Ebreii  are  often  tratisversclj  marked,  indicating  their 
iDiode  of  ortgin  (see  p.  44),  and  on  trauBvene  section  are  s^en  to 
be  angidiiT  (%.  65), 

fElaatie  tii^aue,  being  extensible  and  elastic  (*>,»  recoUing  after 
it  luiA  be>eu  stretohed),  has  a  most  inipr^rtaut  uko  in  a^bting  muh- 
cular  tisaiie  in  a  mechanical  M'aj,  and  so 
l^BBeuing  the  wear  and  tear  of  such 
an  important  tii^sue  aa  muscle.  Thus, 
in  the  lii^amenta  eubSava  of  the 
bujnan  Tertebral  column  it  assists  lu 
tbe  maiatenanca  of  the  erect  posture  ; 
in  the  ligtunantiim  niichix*  in  the  neck 
of  quadrupeds  It  assists  in  the  raising 
of  the  head  and  in  keeping  it  in  that 
position.     In  the  arterial  wallg,  and  in 

ttbe  air  tubes  and  lungs,  it  h»£  a 
similar  important  aetionp  as  we  shall 
iiee   when    discussing   the  subjects   of 

»thc  circulation  and  respiration. 
We  now  come  to  tlioae  forms  of  cou- 
tiective  tissue  in  which  the  cells  rather  than  the  fibres  are  most 
prominent. 

Adipose  Tissue. 

J>Mlf%6uiiaa.^ — In  almost   all    regions    of    the  human  body  a 
'  larger  or  smaller  quantity  of  adipose  or  fatty  tissue  ib  present ; 
the  chief  exceptions  l>eing  the  subcu- 
i  taneous  tissue  of  the  eyelids,  penis  and 
'•CTOtuni,  the  nymph fc,  and  the  cavity 
of  the  cranium.     Adipose  th^i^  \%  also 
absent  from   the  substance   of   many 
organs^  as  the  lungs  and  liver 

Adipose  tissue  is  aliuost  always 
found  seat^  in  areolar  ti^ue,  and 
fonEis  in  iia  meshes  little  masses  of 
unequal  siae  and  irregular  shapc^  to 
which  the  term  hbultM  is  commonly 
applied* 

Strujttwrt. — Under  the  microscope 
adipose    lissue    is    found    to    consist 

estseiitially  of  little  vesicles  or  cells  which  present  dark,  sharply- 
defined  i4gd%  wheu  viewcii  with  transmitted  light:  they  are 
about  ^^  or  ^^  of  an  inch  in  diameter  ;  each  consists  of  a 
struoturaleiB  and   colourless   membrane  or   bag  formed  of   the 


fig.  66.— Ordnttfy  fftt-(M>1lB  of  a 
fiLt  ttB«t  id  the  omeniumof  & 
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remains  of  the  original  protoplasm  of  the  cell,  filled  with  fatty 
matter,  which  is  liquid  during  life,  but  is  in  part  solidified  (or 


Fig.  67.— Group  of  fat-celbi  ( 


(Noble  Smith.) 


sometimes  crystallised)  after  death.  A  nucleus  is  always  present 
in  some  part  or  other  of  the  cell -protophism,  but  in  the  ordinary 
condition  of  the  cell  it  is  not  easily  or  always  visible  (fig.  67). 


Fijr.  6M.— liliKKi-vwHolH  of  adijiOM'  tiMiio.  a.  Minnte  flattcntxi  fat-lobulo,  in  which  ttie 
vef*}«'ls  only  aro  npivs<'nt<'<l.  ".  tlie  t<Tininal  arten* ;  *;  the  priiuitive  vein;  fr|the 
fat-veniclen  of  one  bonier  of  the  lol.iile  Reparately  n.'pn'sente(l.  x  loo.  b.  Flan 
of  the  arraiiKeinent  of  the  <*aj>illari»'!*  [r  on  the  exterior  of  the  ve}*i<;le« ;  more  hi^y 
mainiifled.    (To<ld  and  liowman.) 

This  membrane  and  the  nucleus  can  generally  be  brought  into 
view   by  staining  the  tissue  :    it  can  be  still  more  satisfactorily 
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Bmonstratcd  bj  extracting  the  coutenta  nf  tho  fat-oolls  witii 
etherj  when  the  fthrmiken,  shrivel  letl  membranes  remain  W*hnifL 
By  mutual  pressure,  fat-celU  aiisume  a  polyhedral  figure  (fig,  67), 
When  nt&ined  with  ostoic  acid  fat-cells  appear  black. 

The  cells  are  surrounded  by  capillary  blood -vessels  (fip^.  68) ; 
the  little  clugt^rs  thus  formed  are  grouped  into  suiali  masses,  and 
Hield  so  hy  areolar  tissue* 

The  oily  matter  contained  in 
cells  m  composed  of  the 
ompoiinds  of  fatty  acids  with 
Jycerin,  ifhich  are  named  o/eira, 
ari'n,  and  /Hilmittn. 
BeTelopment  of  Adipose 
Tiasue.  —  Fat  cells  are  de- 
veloped from  eonnective-tisaxie 
corpuaeles  ;  connective  -  tissue 
oelLs  may  be  foutid  e^ihibitiug 
0?efy  intermediate  gradation 
I  an  ordinary  coiinective- 
oorpjuaele  and  a  mature 
|treeU>  The  proceiss  of  develop- 
lit  IB  a£  follows  :  a  few  small 
DpB  df  oil  make  their  appear 
Rce  in  the  protoplasm  and  by 
beir  L-onfluence  a  larger  drop 
prciduced  (figs.  69  and  70) : 
gradualiy  increases  in  size 
at  ilie  eipensa  of  tho  original 
protoplasm  of  the  cell,  which 
becomes  correspondingly  dimi- 
nished in  quantity  till  in  the  mature  c«ll  it  only  fonna  a  thin  film, 
with  a  flattened  nucleita  imbedded  in  ita  suLstfince  (fig,  66). 

Teasela  and  Nerves, — A  large  number  of  blood-vessels  are 
found  in  adipoae  tissue,  which  si2lKii\ido  until  each  lobule  of  fat 
contains  a  hne  mesh  work  of  capillaries  enshea  thing  each  individual 
fat-cell  (fig,  68),  Although  nerve  fibre»  jm4.s8  through  the  tisHiie, 
no  nerves  have  been  dernon?^tRited  to  temiiiiatc  in  it. 

The  XTsoB  of  Adipose  Tissue. — Among  the  uses  of  adipnse 
tissue  these  are  the  chief  :— 

a.  It  aerv^  as  a  store  of  combtmtihle  matter  which  may  Ik? 
reabsorbed  into  the  blood  when  occasion  refjuires^  and,  being 
used  up  in  the  metabolism  of  the  tissues,  helps  to  preserve  the 
heat  of  the  body, 

^  TatI  of  the  fat  which  is  situated  beneath  the  skin  must,  by 


Pif.  ^.*-A  bbiile  of  dev«itopiii«^  ad  i  j:*»e  t  i**n*« 

«tkt  Oft  Inm  pnMOfis,  poIybMriil  wll# 
wit}ii  iMTge  ositnl  nuolFUK  ftrnniundf d 
bjr  imitopliwin  «t«iningr  wtiifonnly  with 
hn^mHtoitsrlm .  h,  SuuiIa]'  Dells  viiii  HpacM 
froitt  which  the  fut  hu  bmm.  retnoirtd 
hf  E7LI  of  cloves,  r,  SiDPiilBi'  oellt  iih«nf* 
itig:  how  ibv  iivelmis  with  «iiel(idiiK 
firntuplaflm  its  hcirtiir  pn.4Med  tiiitardi 
|H.'ripin*rj".  */,  Kuok'Ui  of  ^nidotht'Iium 
of  inTcaUng  cfi|vtUiiTica,  ^Mt<C«rthy.} 
DrawB  hf  TrBtm. 
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its  want  of  conducting  power,  assist  in  preventing  undue  waste  of 
the  heat  of  the  body  by  escape  from  the  surface. 

c.  As  a  packing  material,  fat  serves  very  admirably  to  fill  up 
spaces,  to  form  a  soft  and  yielding  yet  elastic  material  wherewith 
to  wrap  tender  and  delicate  structures,  or  form  a  bed  with  like 


Fig.  70.— Bninclicil  connective-tiwsue  corpuscles,  developing  into  fat-cell*.     (Kleiu.) 

qualities  on  which  such  structures  may  lie,  not  endangered  by 
pres'sure.  As  examples  of  situations  in  which  fat  serves  such 
purposes  may  be  mentioned  the  palms  of  the  hands  and  soles  of 
the  feet  and  the  orbits. 

d.  In  the  long  bones  fatty  tissue,  in  the  form  known  as  yellow 
marrow,  fills  the  medullary  canal,  and  supports  the  small  blood- 
vessels which  are  distributed  from  it  to  the  inner  part  of  the 
substance  of  the  bone. 

Betiform  Tissue. 

Hetiform  or  reticular  tissue  is  a  kind  of  connective  tissue  in 
which  the  grouixl  substance  is  of  more  fluid    consistency  than 


Fig".  VI.— Fctiforni  tiMnic  fnjir.  h  lymphatic  (rl^nd.  fr.»m  a  necti  tn  which  ha»  been  treated 
with  dilute  potash.     (S<hiifer.; 
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elsewhere.  There  are  few  or  no  elastic  fibres  in  it,  bub  the  white 
fibres  run  in  very  fine  bundles  forming  a  close  network.  The 
bundles  are  covered  and  concealed  by  flattened  connective-tissue 
corpuscles.  When  these  are  dissolved  by  dilute  potash,  the  fibres 
are  plainly  seen  (fig.  71). 

Adenoid  or  Lymphoid  Tissue. 

Tliis  is  i*etifonn  tissue  in  which  the  meshes  of  the  network  are 
largely  occupied  by  lymph  corpuscles.  These  are  in  certain  foci 
actively  multiplying  ;  they  get  into  the  lymph  stream,  which 
washes  them  into  the  blood,  where  they  become  the  colourless 


Fig.  72.— PMt  of  a  section  of  a  lymphatic  gland,  from  wLicb  the  corpnacleB  have  been  for 
the  most  part  remoTed,  showing  the  supporting  retiform  tissue.  (Klein  and  Noble 
Smith.) 

corpuscles.  It  is  found  in  the  lymphatic  glands,  the  thymus,  the 
tonsils,  in  the  follicular  glands  of  the  tongue,  in  Peyer's  patches, 
and  in  the  solitary  glands  of  the  intestines,  in  the  Malpighian 
corpuscles  of  the  spleen,  and  under  the  epithelium  of  many 
mucous  membranes. 


Basement  Membranes. 

These  are  homogeneous  in  appearance,  and  are  found  between 
the  epithelium  of  a  mucous  membrane  and  the  subjacent  con- 
nective tissue.  They  are  generally  formed  of  flattened  connective- 
tissue  corpuscles  joined  together  by  their  edges,  but  sometimes 
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they  are  made  of  oondensed  ground  subBtance,  not  of  cells,  and 
in  other  cases  again  (as  in  the  cornea)  they  are  of  elastic  nature. 


Jelly-like  Connective  Tissue. 

We  have  now  considered  connective  tissues  in  which  fibres  of 
one  or  the  other  kind  predominate,  and  some  in  which  the  cells 

are  in  preponderance.  We 
come  lastly  to  a  form  of 
connective  tissue  in  which 
the  ground  substance  is 
in  excess  of  the  other 
histological  elements.  This 
is  called  jelly-like  connec- 
tive tissue.  The  cells  and 
fibres  scattered  through  it 
are  few  and  far  between. 
It  is  found  largely  in  the 
embryo,  notably  in  the 
W^hartonian  jelly,  which 
sun'ounds  and  protects  the 
blood-vessels  of  the  um- 
bilical cord.  In  the  adult 
it  is  found  in  the  vitreous 
humour  of  the  eye. 
Various  jwints  in  the  structure  of  the  tissue  are  illustrated  in 
figs.  58  (p.  43)  and  73. 

The  occurrence  of  large  quantities  of  ground  substances  in 
such  tissues  has  enabled  physiologists  to  examine  its  chemical 
nature.  Its  chief  constituents  arc  water,  and  one  or  more 
varieties  of  mucin,  with  truces  of  proteid  and  mineral  salts. 

The  forcjj^t^iiig  tis<iu's  arc  <oiiii'tiincs  c:ille<l  the  connective  tissues  pioper. 
The  remftiniu^  inennx'is  of  the  connective-tissue  ^ronp  we  shall  reserre  for 
the  next  chapter. 


Fig.  73.— Tissue  of  the  jelly  of  Wharton  from 
umbilical    cord,     a,  connective-tiflsue    oor- 

Susclcs ;    b,   faadculi    of    connective-tiBBue 
bren  ;  c,  spherical  cells.    (Prey.) 
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CHAl^TEU   V. 

THE  CONNECTIVE  TIS&ITEH  {a^nftHmd). 

GAfiTn^AQE,  BoiTBv  Tketu^  Blood* 

Cartilage* 

riLAGB  la  popularly  termed  griHtlc.     It  nmj  be  divided  into 
bief   kinds :  H^alim  Cftrtilage ;  here  the  matrii  or  ground 
BubsUuice  is  clear  and  free  from  fibres  :   FtJ/ra^artilafje  ;  here  the 


Fig,  ;i.-^8««tiflii  ut  Mtit'ulM  ^(rrtiJdgv,    *i,  im»up  of  tv. tl>  ; 

rf,  fmyUrpliifltBL  od  ceil  with  ',  fittty  ^rmniilu^ ;  c^  nn*  lt!i>. 


matriit  is  pervaded  with  connective-tissne  fibres;  when  these  are 
of  the  white  variety^  the  tissue  is  wMtt  ^fii/ro^aHilaf/e ;  when 
thej  are  of  the  yellow  or  elastic  variety,  the  tisnue  is  yelhw  or 

s f  ic  H ff ro-f^a ri Ha  fj^* 

Hyaline  Gartiiage  m  found  in  the  following  places  ; — 

1.  Ck^vering  the  articular  euds  of    bones;   here  it  m  called 

ficular  tat  tilcujt. 

2*  Fonnirig  the  rib^jartilages ;  here  it  is  called  tmlal  cartilagt. 
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3.  The  cartilages  of  the  nose,  of  the  windpipe,  of  the  ojtemaJ 
auditory  mcatuB,  and  the  greater  number  of  th^  larjngi^ 
cartilages, 

4.  Ttrnprn-urp  mrtilage  ;  i^ods  of  cartilage  which  prefigtire  tfc 
majority  of  the  boneB  iti  process  of  development, 

ArtieuJar  cnrtihufe :  here  the  eella  are  miuuled  and  »catt«f 
in  groupa  of  two  and  four  tbr'^>ugh  tbe  niatrix,  which  is  no 
fiWiUated   i^\\T,  7  \).  rind  mtnds  firmer  than  the  ground-subet 


"& 


'r*--iii'«w_k"i' 


t.^^ 
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Hff.  75.— BectioD  of  ttftnAftionit  MrtHtgfe,    u,  oniituu,^  »unilH|ET  v*A\n  \  h  h,  the 
vnXh  prootmcn,     (After  rjichilor.} 


of  the  cotuiective  tissues  proper ;  but  it  is  aflfeeted  in  the 
way  with  silver  nitmte, 

in  the  ueighbourhoTid  of  aynovial  mcmbraneHi  the  connective- 
tiasue  fibres  of  which  extend  into  the  matrix^  tbe  eel  Is  are  bmnched™ 
(trnnsitional  cart lim/e)  (fig.  75).  ^M 

Tho  next  figure  (fig.  76)  shows  the  general  arningenient  of  the 
ceU-graup«  in  a  vertical  section  of  articular  cartdage.  Cartilage  h 
free  fn>ni  blood- vesaeln,  and  also  from  neiTCH.  It  is  nourished  by 
lymph,  but  canals  coiniecting  the  celUspaceis  are  not  evident. 

Coital  carti'lai/e  :  here  the  matrix  is  not  quite  so  clear,  and 
the    cells    are  larger,  more   augidar,  and  collected    into  largerj 
groups  than  in  articular  cartilage.     Under  the  pcrichmuJrii 
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jihmus  motnhmue  which  mirmiinds  the  rod  of  cartilage,  tha  cells 
flattened  and  lie  pamllel  to  the  surface  ;  in  the  deeper  parte 
Iher    are    irregularly    ur- 
nnged  :     they    frt^quently 
l^imtain  fut  (9C€  fig.  77). 

The    byalioe    eartilages 
[of    the    tioscs    larynx    and 
Itmeht^a  (fig,   7S)  resemhle 
iH^tal  tuirt.ilage. 

Hyaline      cart  i]  age      i  n 

Imatiy    BitiiatiaiiB     (costal, 

ftigeal,  traelieal)  shows 

tendency     to     liecooie 

alciBed  late  in  life. 


rhy 


t*r>  > 


A/ 


A. 


¥i^,  7£<.— VcHacnJ  aertian  of  utlcftliir  lajtilafe, 
1,  cell-i^iiips  mnuie^  pualM  to  «arfftw. 
b,  eell^TOui*  in-egukrlT  Artumd.  t,  i«€lU 
^Toa'pt  AjTuif^  p«rp«i}dii?alu'If  to  curf ace. 


On  boihng,  tlie  ground -^11  lia tan ce  of  cartilage  yieJds  a  material 
[called  chiffuffin,  This  resernble«  gelatin  yery  cltigcly^  and  the 
[differences  in  iu  reactions  are  due  to  the  fact  that  choudria  is 


►■ 


SK?. 


w¥(&"^ 


-  IfTjm  *n  lulult 
L'tijibulfia    in    the 


0 


Fig.  ^Ei.— Drdiimiy  hyniiDecartilaBV  fmm 
tiaohea  uf  n  child.  His  cMitLLnffe 
odls  ihr«  eaclai«d  iifi^Iy  or  is  pan* 

>r  ISO   ^oe&i.      (lOeiii    and    Nobie 


not  a  chemical  infliyidiuil^  hwl  a  mixture  of  golatiu  with  varying 
amounU  of  mucin-likL'  sTibHtanteB. 
Whit©  Fibro-Cartilage  occurs — 

1 .   Am   in fr r-f < r ( i\<f fft r  \] } fvi  1  car ti  1  age — f ./jr. ,   th e  sem i I ui jar  carl i- 
of  the  knee-joint. 

As  cit*f^tfri^frrenltiil  or  lunrginal  cartJlnge,  as  on  tlic  edges  of 
the  acotabuhim  and  glenoid  cavity. 


amou 
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3.  Aa  ctmnecttng  cart il ago — e.j^.,  tfie  inter- vertebral  dJsca, 

4.  hi  th<^  nheaths  of  (cndQns  aad  ^^nietimes  in  their  autHitance. 

In  the  latter  situation  tbe 
nodule  of  fibrocartiltge  k 
m\\tdd  a  Mfsnmoid  fibrtvcAr- 
tilag^  of  which  a  specimen 
may  be  found  iu  the  tendoo 
of  the  tibialis  posticus  in 
the  Bolo  of  the  footj  and 
\muall7  in  the  neighbouritig 
teudon    of    the    peroneua 

loDgUS. 

W  il i  te      fi  b ro  -  eartikge 

Fibrrma         (fig.    79)    is  composed    of 

■^'^^'       cells  and  a  matrix.     The 

\         #:, '  latter     ie     permeated    hy 

y  *  fibres     of     the     white 

variety. 

In   tiiis    kind   of    ftbro- 

,     ^      ^  cai'tilage    it    is    not    un- 

'  '   "^  '  UBual   to  fiud  portions  so 

FFf.  ?9."WMtef!w>-artDjsee.   (adiat.)  densely     fibrous     that    no 

cells  can  be  seen ;  but 
iu  other  parte  cotitinnoua  with  these,  cartilage-celli^  are  freelj 
diiitnbuted* 

Yellow  or  Elaatio  Pibro* 
Cartilage  is  fouud  in  the 
pinna  of  the  external  ear,  ib 
the  epiglottiB  and  coruieula 
laryngis,  aud  in  the  EuBta- 
chian  tube. 

The  cells  in  tbia  variety  of 
cartilage  are  rounded  or  oval, 
with  well-marked  nuclei  and 
uuuleoli  (fig.  80).  The  matrii 
in  which  they  are  seated  is 
pervjitled  in  all  directions 
by  fine  elastic  fibres,  which 
form  an  intricate  interlace^ 
ment  about  the  cells:  a 
small  and  viiriable  quantity 
of  uon-fibri Hated  hyaline  in- 
terccllulur  sufiHtiiuce  in  jreaent  around  the  cells. 

Development  of  Cartilage,— Li k^  other  conuective  tts^^ 


Fig,  ftp,— Ydiow  elMic  cftftila^.    (Oadiiit.) 


tts^^^^ 
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il&g^   origiiittti?a  fmm  meHohlaMt  ;  the  cellfi  are  utibranche*i, 

■••Bd  the  dispoiiitiou  of  the  celb  in  fully  formed  cartihtga  in 
gn»iipii  of  two,  four,  kc^^  in  due  to  the  fact  that  each  group  has 
origmated  from  tiie  division  of  a  single  cell,  tir»t  into  two,  each 
of  thtM  a^ii  into  two,  and  so  otr.  Tbiii  proccBs  of  cell  divii^ion 
is  accompnoied  witli  the  usual  karyokineiic  changes. 

Gilcli  cell   depoeita  on    it«}  exterior   a  Bbeatb  or  caps  ate  ;   on 


c.  ^^ 


I 


Fig*  Si-  n.in  >  ^t  nil'.]  t  [  !     I  .i  l^n  i>l  ci'Lls  in  cuttiliiiri?'     ^  tell  m  iu  cRpKtil^,     fr,  Prided  into 
with  m&tru,     (.After  hhiirpei^,) 

division  each  of  the  danghter-aelk  depositfi  a  now  capsule  within 
thia,  and  the  process  may  he  repeated  (see  tig*  8t), 

Tlma  the  celle  get  more  and  more  Bi^ptinttod.  The  fused 
Oftpniiles  form  a  very  large  jmrt  <if  the  matrix,  and  indications  of 
their  previous  ejtiateuee  may  Hometimeij  be  setJii  in  fully  fonjiied 
enttilage  hy  the  presence  of  faint  concentric  lines  around  the  cells 
(ie©%.  77), 

In  a  variety  of  cartilage  found  in  the  ears  of  rata  and 
mice  calle<l  ndlular  v^irtilaf/t^  the  eel  la  never  multiply  to  any 
gtmt  extent,  and    they  ar«  only  separated   by  their  thickened 

Put  in  most  cartilages  the  cell-capsules  will  not  explain  the. 
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origin  of  the  whole  matrix,  but  intercellular  material  accumulates 
outside  the  capsules  and  still  further  separates  the  cells. 

By  certain  complicated  methods  of  double  staining  this  twofold 
manner  of  formation  may  be  shown  very  markedly.  We  have 
seen  that  chondrin  obtained  by  boiling  cartilage  is  really  a 
mixture  of  two  substances ;  one  is  a  mucinoid  material,  and 
comes  from  the  capsules  :  the  other  is  gelatin,  which  comes  from 
the  rest  of  the  ground-substance  which  is  collagenous.  In  hyaline 
cartilage,  however,  the  collagen  does  not  become  precipitated  to 
form  fibres,  but  in  white  fibro-cartilage  it  does.  In  yellow  fibro- 
cartilage  the  matrix  is  pervaded  by  a  deposit  of  elastin,  which 
results  in  the  formation  of  a  network  of  elastic  fibres. 


Bone. 

Chemical  composition, — Bone  is  composed  of  earthy  and  animal 
matter  in  the  proportion  of  about  67  per  cent,  of  the  former  to 
33  per  cent,  of  the  latter.  The  earthy  matter  is  composed  chiefly 
of  calcium  phosphate,  but  besides  this,  there  is  a  small  quantity 
(about  II  of  the  67  per  cent.)  of  calcium  carbonate,  calcium 
fluoride,  and  mnffnesium  pfiosphate. 

The  animal  matter  is  chiefly  colla/fen,  which  is  converted  into 
fjdatin  by  boiling. 

The  animal  and  earthy  constituents  of  lx)ne  are  so  intimately 
blended  and  incorporated  the  one  with  the  other  that  it  is  only 
by  severe  measures,  as  for  instance  by  a  white  heat  in  one  case 
and  by  the  action  of  concentrated  acids  in  another,  that  they  can 
Ik?  separated.  Their  close  union  too  is  further  shown  by  the  fact 
that  whon  by  acids  the  earthy  matter  is  dissolved  out,  or  oir  the 
other  han<l  when  the  animal  part  is  burnt  out,  the  shape  of  the 
bone  is  alike  i)reserved. 

The  proportion  bL'twccn  these  two  constituents  of  bone  varies 
slightly  in  different  bones  in  the  same  individual  and  in  the 
same  V)oiio  at  «lif!eront  a^os. 

Sfrurtuvf. — To  tlie  naked  eye  there  appear  two  kinds  of  struc- 
ture in  different  Ixnios,  and  in  different  parts  of  the  same  bone, 
namely,  the  flf^isc  or  compact,  and  the  s]»omjp  or  cancellous  t\9SXie. 
Thus,  in  making  a  longitudinal  section  of  a  long  bone,  as  the 
humerus  or  femur,  the  articular  extremities  are  found  capped  on 
their  surface  by  a  thin  shell  of  compact  bone,  while  their  interior 
is  made  up  of  the  sjKjngy  or  cancellous  tissue.  The  shaft,  on  the 
other  hanrl,  is  forme<l  almost  entirely  of  a  tliick  layer  of  the  com- 
pact heme,  and  this  surrounds  a  central  eanal,  the  medullary 
cavity — so  called  from  its  containing  tlic  medulla  or  marrow. 


MARROW. 
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In  the  flat  bones^  as  th^  parietal  iiotie  or  the  amptila,  one  lajcr 

li^f  thi?  cancellous  sitructure  lies  ix^tweeii  two  layers  of  the  compact 

I  ti^ne,  and  in  the  short  and  irregular  Umes,  as  those  of  the  car/ms 

,  and  fnr$m^  the  CiineeUonB  tissue  fills  tb©  interior^  while  a  thin 

fehell  of  compact  l*one  furuae  the  outaide. 

Marrow, — ^There  are  two  diHtmct  varietiee  of  marrow ^ — the  rtd 
and  i/rfiow, 

Rttl  marrow  is  that  varrcty  which  oco^ipies  the  spaces  in  the 
,  cancel  Ions  tissue  \  it  is  highly  va^citlar^  and  thus  main  tail  is  the 
» initrition  af  the  spongy  lK>ne,  the  interstices  of  which  it  tills.  \\ 
\  contains  a  few  fat  cells  and  a  large  number  of  marrow-ct4ls,  many 
of  whtoh  are  uiidistitiguiBhahle  from  lymphoid  eorjjviscles,  and  haJH 
1  for  a  ba«is  a  sm^dl  amount  of  areolar  tissue.     Among  the  cells  are 


ilf.  At.--OBtIi  «f  th«  red  miimirw  of  tltf^  ^iiTii=«fi-rii?>  biffhly  nungni^ed.    ««  n  luge  wit.  tho 

DOidpn*  of  wHirh  ttppt^Lm  t«  l>e  purtly  '   ^  ^    ^      -n,  thrw«  bjr  onnttriitlonfl  ;  fit  ft  f^lli  tliij 

OOrlniiii  of  wbifh  *liciir^  an  fflprieardti'  ttUftH'Hbtfd  into  it  tuimlter  of  i9TULlI«nr 

Itudl4'| ;  r,  M  iM'Ciitlpd  iriftiit  wll,  or  in;  ii  h  mmnr  nudfi ;  ■/,  a  ffnAUer  nijrelo- 

I  pliueei  with  thrw  nuclei ;  t--h  pniriwr  t-viif  oi  mn.'  murtow.    (K,  A,  Schafor.) 

'some  nucleated  cells  of  the  same  tint  as  coloured  blood -corpuscles. 
There  arc  also  a  few  large  cells  with  many  nuclei,  termed  giant 
ceih  or  mt/elopla^es  {^g.  82). 

Yflhtr'  nxarrow  fills  the  medullary  cavity  of  long  bones,  and 
consissts  chiefiy  of  fat-cella  with  numerous  blood-vessels ;  many  of 
its  cells  also  are  in  every  respect  similar  to  lymphoid  corjjtjseles* 

From  these  marrow-cells,  especially  those  of  the  red  marrow, 
lure  derivudj  as  we  shall  presently  see,  large  quantities  of  red 
I  111 oini -corpuscles, 

Periofltoum  and  Nutrient  Blood* YOssQla.^ — -The  surfaces  of 

I  l^oacft,    except    tlnL'    part   covered    with    jirticular   cartilage,    are 

^clothed  by  a  tough,  fibrons  membrane,  the  perio*trum  ;  and  it  18 

from  the  Vjlood-vcss(4s  which  are  distributed  in  tliia  membrane, 

that  the  bones,  especial ly  their  more  compact  tissuej  are  in  great 
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part  supplied  with  nourishment ;  mi  mite  branches  from  the 
periostoiil  vtiaaulg  eater  the  little  foramina  on  the  siirfaoe  of 
the  bone,  atid  tind  their  way  to  the  Haversian  cauals^  to  be 
immediatelv  described.  The  long  bones  are  supplied  also  hj  a 
proj^er  nutrient  artery  which^  entering  at  some  |>art  of  the  shaft 
so  as  to  reach  the  medullarv  cayitj,  breaks  up  into  bmnches  for 
the  aupplj  of  the  nmrrow,  from  wiiieh  agitin  amHll  vessels  dJte 
diatrtbuted    to  the  interior  of    the  bone.      Other  small  blood- 


Fig^  8j»--Tnuuinen»  H«tion  of  compact  boas'  tinue  (of  humfrcui)*   Threo  of  tha  ] 

meml*  --^^  m.^.-^.  with  thmi  ^ano^airit:  nag*  i  tXan  th«  liu^iniB,  iHtb  the  ouuUcidi 
eattru  '  ^<-m  unxn*  Hbje  dit^'linu  uf  ihtf  Jmiaailm.    Th^  BAVcndka  &parlunB 

wmrv  •   .  iir  lOid  d^brf*  in  ^Diling'  lijowa  ibe  afctum.  Mid  tberofodre  ^Fpeu 

Hack  HI  ^111  iifi  .^iK\  whxch  nprmimU  ih*  objtM.^t  tm  viewed  iritli  tnLo^itiitted  liglit.  The 
H4tv«t«j»n  lyHt^roH  ute  no  doedy  p#ckeil  in  thia  tcction,  Ui&t  ■ouroi'!}-  any  inttrMtiiiai 
laawilip  Mft  Vuible<    jc  no.    t^hAipey<) 

vessels  pierce  the  artieidar  extremities  for  the  supply  of  the 
cancellous  tissue. 

Microscopic  Btnicture  of  Bone. — Notwithstanding  the  difterencea 
of  arrangement  ju&t  nientiuned,  the  etruature  of  all  bone  is  found 
undtfr  the  miuroaeope  to  l>e  e»m.'ntlally  the  same. 

EiEamined  with  a  rather  high  power  its  substance  is  found  to 
contain  a  multitude  of  sniall  irre^^iilHr  qmcesj  approximately  fusi- 
form in  shape*  culletl  hirtimf^  with  very  minute  canals  or  eannli- 
mdi  leading  from  them^  atid  anasto[no<8ing  with  simikr  little 
prolongations  from  other  lacunas  {fig,  83)*  In  %^ery  thin  layers 
of  bone,  no  other  cauals  but  those  may  be  risible ;  but  on 
making  a  trauii verse  section  of  the  compact  tissue  as  of  a  !oi3 


C?H.  T,] 


BONK. 


fit 


bcdie,  «.^*,  the  humertis  or  ulna,  tho  arrangement  shown  in  fig.  S3 
can  be  seen. 

The  bone  seems  mapped  out  into  small  ctreular  diatriets,  at  or 
abiHit  the  centre  of  e&eh  of  whkh  b  a  hok,  around  which  is  an 
app^amnu^  as  of  concentric  layers  ;  the  lacuna  and  m^wi/tcM/i 
follow  the  same  concentric  plan  of  JiHtribntion  aronnd  tKe  small 
iole  in  the  ceotn?,  with 


Bean: 


[nhich  indetHi  they  com- 
municate« 

On  nmkhig  a  longitu- 
dinal soction,  the  cent  ml 
holes   are  fonn<l   to  be 
mmply  the  cnt  tjxtremi; 
tieso  F  smal \  canals  winch 
run  lengthwise  tbrougb 
B  tlnf"  bone,  auastomoiiing 
^  with  eachotherh J  lateral 
brunch e»  (fig,  84);  tbt'  ■ 
luals  are  called  llnprr- 
ranuUf    after    the 
name  of  the  physician, 
^phptJou     Havers,    who 
^TCfBtaecurately  described 

y     The     Haversian 

canal  8,    the    average 

diameter   of    which    is 

j^  of  an  inch,  contain 
^^blood-TOSfielgf  and  bj 
^Ptiieaus  of  them  blood  is  conveyed  to  all,  even  the  densest  parts  of 

the  bono  ;  the  nnnnte  c^analiculi  and  lacunae  take  up  tije  lymph 

exuded  from  the   Have  man   blood -vessels  ^md  convey   it  to  the 

substance  of  the  lK*ne  which  they  traverse. 

»The  blood-vessels  enter  the  Haversian  canak  both  from  with* 
out,  by  tra versing  the  small  holes  which  exist  on  the  surface  of 
nil  bones  beneath  the  periosteum,  and  ham  within  by  means  of 
small  channels  which  estend  from  the  mednllary  cavity^  or  from 
the  cancellous  tissue.  The  arteries  and  veins  usually  occupy 
sepamte  canals,  and  the  veins,  which  are  the  larger,  often  present^ 
at  irregular  intervals,  small  iK>uch-lrke  dilatations. 

TliG  lacTinie  are  occupied  by  branched  celle,  which  are  called 

hon^-cdU^  or  bone<orpu^le^  (fig.  85),  which  very  closely  resemble 

["the  ordinary  branched  connective- tissue  corpuscles;  each  of  these 

little  ma«ises  of  protoplasm    ministers   to   the   nutrition   of  the 


Pig.  $4.—Ijcytmi\ 
miiuwmg  Ma 
(Ef^jlleUJ 
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Pig.  85.— Hone-coipuscleB  with  thoir  procemes  aa 
seen  in  a  thin  section  of  human  bone. 
(RoUett.) 


bone  immediately  surrounding  it,  and  one  lacunar  oorpuscle  oom- 
municateB  with  another,  and  with  its  surrounding  district^  and 

with   the   blood-yesaels  of 

the   Haversian   canals,  by 

means     of      the      minate 

streams  of  fluent  nutrient 

matter    or    lymph   which 

^   ijMjiip  '^r*^  occupy  the  canaliculL 

**nP^I^TO^v'^ffl    hp//^  It  will  be  seen  from  the 

/     A  •      \ ^^^^BUDfea-"  above  description  that  bone 

is  essentially  connective 
tissue,  the  ground-sub- 
stance of  which  is  impreg- 
nated with  lime  salts.  The 
bone-corpuscles  with  their 
processes,  occupying  the 
lacuna)  and  canaliculi, 
correspond  exactly  to  the 
connective-tissue  corpuscles 
lying  in  branched  spaces. 

Iiamell8B  of  Compact 
Bone. — In  the  shaft  of  a 
long  bone  three  distinct  sets  of  lamella)  can  be  clearly  recognised. 

1.  Circumferential  lamellse;  which 
are  most  easily  traceable  just  beneath 
the  periosteum,  and  around  the 
medullary  cavity,  forming  around  Uie 
latter  a  series  of  concentric  rings.  At 
a  little  distance  from  the  medullary 
and  periosteal  surfaces  (in  the  deeper 
portions  of  the  bone)  they  are  more  or 
less  interrupted  by 

2.  JIaversum  lamcllte,  which  are 
concentrically  arranged  around  the 
Haversian  canals  to  the  number  of 
six  to  eighteen  around  each. 

3.  Interstitial  lamellfie,  which  con- 
nect the  svstenis  of  Haversian  lamellae, 
filling  the  spaces  between  them,  and 
consequently  attaining  their  greatest 
development  where  the  Haversian 
systems  are  few,  and  vice  versd. 

The  ultimate  structure  of  the  lamelhe  is  fibrous.      If  a  thin 
tilni  be  peeled  off  the  surface  of  a  bone,   from  which  the  earthy 


Fig.  86.  -Thin  layer  peeled  oS 
from  a  softened  bone.  This 
fi^rure,  which  is  intended  to 
represent  the  reticular  Htiiic- 
ture  of  a  lamella,  g^ives  abetter 
idea  of  the  objeet  when  held 
rather  farther  off  than  usual 
from  the  eye.     x  i<x). 

(Mmrpey.) 
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ci&ttar  hoB  beciii  removed  by  acid,  and  exaiuiaed  with  a  high 
ftiwer  of  the  microscoj>e,  it  will  be  fnimd  composed  of  very 
tlcudcr  fibnai  tiecussiitiug  ol^liqtiely,  but  t^jidej^ciug  nt  the  jx^ints 
int^irioction,  ula  if  h**re  the  fibn?i§  wei*e  f  uayd  rather  than  woven 
^ether  (fig.  86),  Thene  iire  c'ulk^i  the  tjifejxrfj^^imf  fihrt^  of 
Sharpri/ :  they  oorresp^nd  to  the  whitt^  tibrcti  of  eotmective  tissue 
^jd  form  the  eource  of  the  gelatin  obtiiiued  hj  IxiiHug  bone. 
In  many  ca&oa,  as  in  the  parietal  bi>ne,  tiie  lamella*  are  per- 
wUsl  by  tapering  fibres  ealkd  the  pef'/oraiin^  Jitr&i  of  Sfutrp^^, 
^resembling  in  character 
the  ordinary  white  or  < 
mrely  the  elastic  fibroua 
iineiiCt  w^hich  bolt  the 
Deighbouring  lame)]:> 
togetlier^  and  may  bc^ 
dmwti    ont    when    the 

i utter  are  torn  asunder 
♦tg,    S7).      These   per- 
orating fibres  origiuate 
rom  ingrowing  processes 
>f  the   perioateum,  and 
u  the  adult  still  reUiin 
their  eon  nee  t  ion  with  it> 
Development       of 
Bone. — Kroui  the  pr>ira 
af  view  of  their  deveiop- 
iientj  all  l>ones  may  be 
ibdivided     into      two 
pluASGs :- — 

(a.)  Those  which  are 

aified  directly  or  from 

rie    tirst    in    a    fibrous 

librane      afterwards* 

the  periostevun — t.fj,,  the  bonea  forming  tije  vault  of  the 
lull,  parietal,  frontal,  and   a   certain   portion  of   the  occipital 
unes. 
(L)  Those  whowe  form,  previous  to  ossifi Lotion,  is  laid  down  in 
h^dintr  &irtitmf€ — t.tj,^  humerus,  fcmtir. 

The  process   of   developnieut,  pure  and  simple,  may  be  best 

studied  in  bones  which  are  not  preceded  by  cartilage — Ltn  tri^i- 

^ifrane/brmed  (f,^.,  p*trietal)  i   and  without  a  knowkdge  of   this 

process  (oasification  in  manhrant),  it  is  impossible  to  understand 

;ie  much  more  complex  series  of  changes  through  which  .such 

istruyture  ha  the  cartilaginouij  fenuir  of  the  fuetud  paawes  in  ita 


li^  ^7.  -  l^mellt**  tofn  oil  fnnni  a  do<»]l;^illcd  liiuaan 
pari^itul  hajio  at  sdiujc  dcsptli  fmtn  the  KUTfaci-* 
If, 'r.tiLiTjelU',  nbuwitig  t^tu^ular  IHlirtM;  ft,  darker 
piirt,  wherp  *cv**nitl  luLintllne  ure  nuperptiwed  \ 
r;»  pt?rfurmtinK  flbren.  AjKJirtutea  through  wMn^h 
pQtforuting  ntiEea  hiul  piiml*  lire  aecn  isniMi^^liilly 
in  the-  ia^tfT  pai^  «t,  a,  of  ih^  Hgtm.     (Allen 

ThtrtDiiOQ.) 
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transformation  into  the  bony  femur  of  the  adult  (ossification  in 
eartiUige). 

Ossification  in  Membrane.  —  The  membrane,  afterwards 
forming  the  periosteum,  from  which  such  a  bone  as  the  parietal 
is  developed,  consists  of  two  layers — an  external  fibrous^  and  an 
internal  cellular  or  osteo-genetic. 

The  external  layer  is  made  up  of  ordinary  fibrous  tissue.  The 
internal  layer  consists  of  a  network  of  fine  fibrils  with  a  large 
number  of  nucleated  cells  {osteohlasti),  some  of  which  are  oval, 
others  drawn  out  into  long  branched  processes  :  it  is  more  richly 
supplied  with  capillaries  than  the  outer  layer.  It  is  this  portion 
of  the  periosteum  which  is  immediately  concerned  in  the  formation 
of  bone. 

In  such  a  bone  as  the  jmrietal,  ossification  is  preceded  by  an 
increase  in  the  vascularity  of  this  membrane,  and  then  spicules, 
starting  from  a  centre  of  ossification  near  the  centre  of  the  fature 
bone,  shoot  out  in  all  directions  towards  the  periphery.  These 
primary  bone  spicules  consist  of  fibres  which  are  termed  otteo- 
genetic  fibres ;  they  are  composed  of  a  soft  transparent  substance 
called  osteogen^  around  and  between  which  calcareous  granules  are 
deposited.  The  fibres  in  their  precalcified  state  are  likened  to 
bundles  of  white  fibrous  tissue,  to  which  they  are  similar  in 
chemical  composition,  but  from  which  they  differ  hi  being  stiffer 
and  less  wavy.  The  deposited  granules  after  a  time  become  so 
numerous  as  to  imprison  the  fibres,  and  bony  spiculae  result  By 
the  junction  of  the  osteo-genetic  fibres  and  their  resulting  ho«y 
spicules  a  mesh  work  of  lK)ne  is  formed.  The  osteo-genetic  fibres, 
which  become  indistinct  as  calcification  proceeds,  persist  in  the 
laniollte  of  adult  bone  as  the  intercrossing  fibres  of  Sharpej. 
The  ost^joblasts,  being  in  part  rotaineil  within  the  bony  layers 
thus  produced,  form  bone-corpuscles.  On  the  bony  trabeculse 
first  fornuMl,  layers  of  osteoblastic  cells  from  the  osteo-genetic 
layer  of  the  periosteum  repeat  the  pn)ces8  just  descril>ed ;  and  as 
this  occurs  in  several  thicknesses,  and  also  at  the  edges  of  the 
spicules  previously  formed,  the  bone  increases,  both  in  thickness, 
length  and  breadth.  The  process  is  not  completed  by  the  time 
the  child  is  lx)m  ;  hence  the  fontanelles  or  still  soft  places  on  the 
heads  of  infants.  Fig.  88  represents  a  small  piece  of  the 
growing  edge  of  a  parietal  bone. 

The  bulk  of  the  primitive  sp(Mifry  bone  is  in  time  converted 
into  compact  bony  tissue,  with  Haversian  systems.  Those  portions 
in  the  interior  not  converted  into  bone  become  filled  with  the  red 
marrow  of  the  cancellous  tissue. 

Ossification  in  Cartilage. — Under  this  heading,  taking  the 
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femur  or  any  otbor  long  bone  as  an  exaraple*  we  have  to  consider 
i\m  priKjesig  by  which  the  solid  cartilaginous  rod  which  represeuta 
tiie  biioe  in  the  ftctujj  is  cf>nverted  into  the  hollow  cylinder  of 
compact  brme  with  expanded  ends  formed  of  ainccllona  tissue  of 
whleh  the  adult  bone  is  made  up.  We  iiinat  bear  in  mind  the 
fact  that  this  ftEtal  cartilaginous  femur  is  many  times  snialler  than 
evcQ  the  madullar}^  cavity  of  the  shaft  of  the  mature  bone,  and, 
therefore,  that  not  u  trace  of  the  original  cartilage  can  be  prtssent 


. ,  uf  Uw  (^iwing  tyl^r,.'  o(  the  d^'Ttlopiia?  mlit^al  Wie  of  *  ftt'tal  vM.     itp^ 

iMorf  ^f^» ''itli  sotue  «if  ihh  ii^nLeobUiitA  itubeddua  to  thGro,  pniducia»f  ttte  bieimj*^ ; 
<st^,  CHitatifc^c  fibww  pniliMJ^n)!?  the  apiciiltss  Witli  pntcubkitta  [o*i'}  hctwet-m  thcro  *nd 
appltoil  to  ttiem*    (0.  Lawi^^o^x.) 

ur  of  tbe  adult      Ita  porpoae  m  indeed   purely  tern- 
Wdj  after  itK  calcification,  it  is  gradually  and  cut  Ire  ly 


I 


ITie  cartilaginous  rod  which  forms  the  precursor  of  a  fcetal  long 
ne  is  sheathed  iu  a  menibmuc  termed  the  perk-kondrinm^  which 
exactly  resembles  the  periosteum  descriljed  above  ;  it  consists  of 
two  layers^  iu  the  deeper  one  of  which  spheroidal  and  branched 
ceills  predominate  and  blood -vessek  abound,  while  the  ont^^r  layer 
i^onsisU  mainly  of  fil>res. 

Botwefm   the  cartikginous  prefignremeut  of  which  the  foetal 
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tcft-t. 


consmts    and 


Fig.  %,— ^fiectJoo  ai  two  fci<tii]:  jbiilacyjt^  ;  (he  riit^ 
nepftOLted  from  unf  Aii*i1'b''T  by  iA]t-iih^  nuitrix. 

tioQ.    Id  a,  the  ttsruii    ,, ,.-.-'._.  :  :■    j_i:.^!jii 
b^n  ftt  tbp  top.     I A  f  l<!:r  iHK#]f ,  > 


long  bone 
the  adult 
are    several 

The  pmcess  may,  how- 
ever ^  be  most  oonvenietitly 
deat^ribed  as  occurring  in 
three  principal  stagOB. 

I'/ie  Jirst  gtuffe  coDStsU 
of  two  seta  of  changes,  OBe 
in  the  cArtilage,  the  other 
untler  the  perichondriiun, 
The»e  take  place  side  bj 
side.  Ill  the  oartUa^e  tbe 
cells  in  the  middle*  be- 
come enlarged  &ud  separated 
from  one  another  The  car* 
tiiage-cella  on  each  side  get 
arranged  in  rows  in  the 
direction  of  the  Ditroinitics 
of  the  cartilaginous  rod* 
If  at  this  atage  one  cutis 
the  little  embryonic  k>one 
witb  a  knife,  tlie  knife  en- 
counters resi&tauce,  and 
there  is  a  sensation  of 
grittineas.  This  is  due  to 
the  fact  that  calcareous 
particles  are  deposited  in 
tlie  niatrii :  and  in  eouse- 
quence  of  this  the  matrix 
stains  differently  with  his- 
tologicAl  reagents  from  the 
uualtercii  matrix.  8imul' 
taneously  with  this,  the 
periostea)  tissue  is  forming 
lajer  after  layer  of  tnie 
lK>ue ;  this  is  formed  exactly 
in   the   same    way   as    in 

'  ITik  19  tbe  cjise  in  nearly  J 
nil  the  long  htines,  bnt  in  the 
termitiid  fvhukngM^s  the  chiingw  ^ 
mxsurb  tir^tt  nui  m  ibe  middle 
Lut  at  their  dijitaj  extretoitle*. 
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gucb  a  bi>ne  aa  the  parietal  ;  by  the  agency  of  the  o9tet>lila«b8, 
i<»l«0!pr©i>ic  fibreii,  And  thyu  apionlea  of  bone,  are  fornitHl  by  deposit 
|of  CAlcAreoui  matter.     Ati  the  hiyere  are  fonned,  aotne  of  the 
I  get  walled  in  between  the  Uyers,  and  become  bone 

In  tie  tfttcr  part  of  thi«  stage  the  enkareous  deposit  between 
the  CHrtii Age-cells  cuts  iheiri  oflT  froui  uutritjou,  and  they  in  coa- 


'  1^^.  9Qw^Otfdfle»1i(ni  In  eartilAg«  fthnwinif  if  tape  of  iiTii[>tion.    Tbe  shrunken  ciiitiLi^^itilk 
ise  tmm  in  tJw  iniamxT  «.T¥>a)/i^    At  i>  im  irruptmn  of  the  iubpentjabeal  turn  ham 
'     '   1  tb«  mtipcrloiiteiil  buoy  crutft.     l.AftCT  Lawrtuce.  1 


(sequetiee  waste,  leftviiig  spaees  that  arc  called  the  prin¥M'%f  ureoU^. 
The  <mlcareonB  deposit  creeps  up  between  the  tows*  of  cartilage- 
cells,  enclosing  them  in  calcified  Ixjxes  cowtajning  one,  two»  or 
liiioro  cells  each.     The  wasting  of  the  celk  leada  here  also  to  the 
Iftimmtion  of  primary  aretjlie. 

Wt?  may  rtnighly  compare  the  two  sets  of  celk  engaged  in  the 

[  prt"»ces»  to  two  raeea  of  eettlers  in  a  new  country*      The  cartilage- 

fcelJa  constitnte  one  race,  and  so  successfully  build  for  themselves 

ilcareous  homes  aa  to  be  completely  boxed  up  ■  so  they  waste 

f2 
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and  di&appear,  leaving  only  the  walk  of  their  home  encloemg  the 
spaces  called  priruarj  areolae*  The  osteoblasts,  the  other  race  of 
cells  under  the  perichondrium^  are  forniing  layers  of  true  bone  in 
that  situation,  Some,  it  is  truGj  get  wtiiled  in  in  the  process,  and 
became  bone-c^rp uncles,  but  tJie  system  of  mtercommunicating 
lacuna  and  canaliouU  maintains  their  initrition. 

These  two  races  are  working  side  by  side,  and  at  first  do  not 
Interfere  with  each  other.  Bat  soon  comes  a  detilaratiou  of  war» 
and  we  enter  upon  the  sccoml  Uagt  of  nssifieation,  which  is  very 
appropriately  called  the  rfei^d  o/  imtptioti  (iig.  90).  Breaches 
occur  in  the  bony  wall  which  the  osteoblasts  have  built  like  a 
girdle  round  the  calcifying  cartilage,  and  through  these  the  peti- 
chondrial  tissue  pours  an  invading  army  into  the  calcifie<t  cartilage. 
This  consists  of  oet^olfia^t^,  the  bone  forniera ;  oat€oclait$f  or  the 
bone  destix>yerB ;  the  latter  are  large  cells,  similar  to  the  my elo- 
plaiea  found  in  marrow  (Bg,  82),  There  are  also  a  few  Hbrea, 
and  a  store  of  nutrient  supply  in  the  shape  of  blootl -vessels. 

Having  got  inside,  the  osteoclasts  set  to  work  to  demolish  the 
homes  of  the  cartilage-cells,  the  walls  of  the  primary  arcolie,  and 
thus  large  spaces  are  formed,  which  are  called  the  gecomiary  areoi^x:^ 
or  the  medulla ty  spaces.  On  the  ruins  of  the  calcified  cartilage  the 
osteoblasts  proceed  to  deposit  true  bone  in  layera,  just  as  they  ^ 
were  wont  to  do  in  their  own  couutryj  under  the  periosteum.  ^t 

The  thinl  sOnje  of  ossificatwH  is  a  repetition  of  these  two  st«ig€fi 
towards  the  extremities  of  the  cartilage.  The  cartilage-cells  get 
flattened  and  arranged  in  rows  ;  calcareous  deposit  occurs  aFOUnd 
these^  and  primary  areolae  result ;  then  follows  the  advance  of  the 
subperiosteal  tissuci  the  demohtion  of  the  primary  areolae,  tlie 
formation  of  secondary  areolae,  and  the  deposit  of  true  bone.  At  ^m 
the  same  time,  layer  upon  layer  is  still  being  deposited  beoeatli  ^M 
the  periosteum,  and  these,  from  being  at  first  a  mere  girdle  round 
the  waist  of  the  bone,  now  extend  towards  its  extremities. 

The  next  figure  (fig*  9 1 )  is  a  uiagnified  view  of  the  line  of  advance. 

The  bone  which  is  first  formed  is  less  regularly  lamellar  than 
that  of  the  adult.  The  lamellse  are  not  deposited  till  after  birth, 
and  their  formation  is  preceded  by  a  considemble  amount  of 
absorption.  To  carry  our  simile  further,  the  osteoblasts  are  not 
satisfied  with  the  rough  constructions  that  they  were  first  al>le  to 
make,  but  having  exterminated  the  cartilage,  they  destroy  (agalti 
through  the  agency  of  the  regiment  of  giant  osteoclasts)  thalr 
first  workj  and  build  regular  lamellae,  leaving  lacunce  for  the 
accommodation  of  th*>8e  who  desire  to  retire  from  active  warfare 

AlK>ut  this  tinie^  too»  the  nmn-ow  cavity  is  formed  by  the 
absorption  of  the  bony  tissue  that  originally  occupied  the  oentre 
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tho  shaft.  Here  the  oateoclaats  hsTe  again  to  do  the  work, 
and,  with  thiu  final  act  of  destruction,  all  remaitie  of  aoj  calcified 
cartilage  of  thu  fcetal  h<3iiG  entirely  disappear. 

The  formation  of  a  so-called  cartilage  bone  la  thus,  after  allj  a 
jforniatioti  of  hone  hy  snh periosteal 
asatie,  just  as  it  is  in  the  so-called 
mcmhmnc  bone* 

After  a  time  the  cartilage  at  the 

Eida  of  the  shaft  begins  to  ossify 

lepetideotly,    and    the    epiphyRes 

m*  formed.     They  are  not  jomed 

to  the  shaft  till  late  in  life,  no 

Ihat  growth  of  tlie  bone  in  length 

[can  continue  till  union  takes  plaoe. 

Bone    grows    in    width    by   the 

depoeitioD  of  layers  tinder  the  perioe- 

teuoif  like  succesujive  rings^  formed 

nnder  the  bark  of  a  growing  tree* 

Thifi   was    ah  own    long    l>efore    the 

histological  details  which  we  have 

deseribed  were  made  out  by  Sharpey. 

^H  Silver  ringB  were  placed  by  Duha- 

^■tnel  around    the   bones   of   young 

^■pigeons.      When   killed    later^    the 

V  rings  were  completely  covered  in  by 

bone  ;  and    in    the   animals  killed 

last,  were  even  found  in  the  central 

cftvttj^     Another  series   of   esperi- 

menta  with  pigs  was  made  bj  the 

celebrated  Joh  n  H  u  n ter .    Tlie  y oun  g 

animals    were    fed    alternately    on 

^onlinary  food  and  f*x>d  dyeti  by  the 

1  pigment  madder.    Tlie  new  bony 

iie  aets  Uko  what  dyers  called  a  '*  mordant  "  :  it  fixes  the  dye, 

the  rings  of  l>one  deposited  during  the  madder  periods  were 

fisl'inctly  red  in  colour. 

The  importance  of  the  periosteum  in  bone  formation  is  now 
recognised  by  surgeons.  When  removing  a  piece  of  bone  ihey 
are  eareful,  if  possiblCi  to  leave  the  periosteum  behind  :  this  leads 
to  regeneration  of  the  lost  bone.  If  it  is  absolutely  necessary  to 
remove  the  pericj^steum,  successful  casee  have  occurred  in  which 
the  living  periosteum  from  an  animal  has  effectively  been 
transplanted. 


the 
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The  Teeth. 

During  the  courKC  of  his  life,  man,  in  common  with  most  other 
miinniials,  is  provided  with  two  sets  of  teeth  ;  the  finit  set,  called 
the    trmporari/  or    milk-treth,   makes  its  appearance  in   infancy, 

and  is  in  the  course  of 
a  few  years  shed  and 
replaced  by  the  second 
or  2>erniamnt  set. 

The  temporary  or 
milk-teeth  have  only 
a  very  limited  term  of 
existence. 

They  arc  ten  in  num- 
l)er  in  each  jaw,  namely, 
on  either  side  from  the 
middle  line  two  incisors, 
one  cunhif,  and  two  de- 
ciduous molarsy  and  are 
replaced  by  t^n  perma- 
nent teeth.  The  num- 
ber of  permanent  teeth 
in  each  jaw  is,  however, 
increase<l  to  sixteen  by 
tlie  development  of  three 
molars  on  each  side  of  the  jaw,  \\hich  are  calle<l  the  permanent 
or  true  molars. 

Tin'  follnwinLT  formula  shows,  at  a  glance,  the  comparative 
arnin^'emi'Ut  and  numl>i  rof  the  teinporary  an<l  permanent  teeth  : — 


Fig.  92.— Noniuil  wi-ll-fonii»"«l  jiiw",  frrnii  whirli  tlie 
alviiiliir  jilnt*'  hiw  Ix-i'ii  in  jrniit  \%w\  n-infivct].  mi 
UH  to  rxiMiHi'  till-  ill- vi-loi link'  idTinuncnt  t«vth  in 
tlu'ir  I'OiitH  in  thr  ju^H.     i.Tnnu-M.) 


Temporary  Teeth. 

Mii'i'i  J    TjsF  tir  J.wv. 

MiiI.\K>.  «\MNK.  IN.  I-ol.-  IN.  I«ni.^.  lAMNR. 

2  I  2  2  I 


Permanent  Teeth. 


Mii'i'i  ^   I. IN  J-  .»i   J  Kv 


iAMM:.  in*  l.-oli'.  INil^iUiH.        1  AMNK. 


MOLAM. 

2=10 
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From  this  formula  it  will  be  seeu  that  the  two  bicuspid  or  pre- 
molar teeth  in  the  adult  are  the  successors  of  the  two  deciduous 
molars  in  the  child.  They  differ  from  them,  however,  in  some 
respects,  the  Umporary  molars  having  a  stronger  likeness  to  the 
permanrnt  than  to  their  immediate  descendants  the  so-called 
bicuspids,  besides  occupying  more  space  in  the  jaws. 

The  temporary  incisors  and  canines  differ  from  their  successors 
but  little  except  in  their  smaller  size  and  the  abrupt  manner  in 
which  their  enamel  terminates  at  the  necks  of  the  teeth,  forming 
a  ridge  or  thick  edge.  Their  colour  is  more  of  a  bluish  white 
than  of  a  yellowish  shade. 

The  following  tables  show  the  average  times  of  eruption  of  the 
Temporary  and  Permanent  teeth.  In  both  cases  the  eruption  of 
any  given  tooth  of  the  lower  precedes,  as  a  rule,  that  of  the 
corresponding  tooth  of  the  upper  jaw. 

Temporary  or  Milk  Teeth. 

The  figures  indicate  in  months  the  ape  at  which  eacli  tooth  appears. 


DBcmrore     ,  dkciduoch     i 

risar  casinkb.  hkcosd       I 

'  MOI.ARA.  MOLARS. 


18  24 


Permanent  Teeth. 

The  tiffe  at  which  each  tooth  is  cut  is  indicated  in  this  table  in  years. 


_-,^_  IHCIftOBB.  BICr«PID8  OB  PRE-  |     ^^^-nvn  TIIIBD 

MO^aL.    .  1  "«^^»'»-  CASIMBH.   ,    ^11^^      MOLAB«  OBJ 

CBKTBALA.    LATBBAL8.        FIRST.      I    SRrOND.  WISDOMS.! 


6  7  8       .       9  10  II  12         171025- 

The  times  of  eruption  given  in  the  above  tables  are  only 
approximate  :  the  limits  of  normal  variation  being  tolerably  wide. 
Certain  diseases  affecting  the  bony  skeleton,  e,r/.,  Rickets,  retard 
the  eruptive  period  considerably. 

It  is  important  to  notice  that  it  is  a  molar  which  is  the  first 
tooth  to  be  cut  in  the  permanent  dentition,  not  an  incisor  as  in 
the  case  of  the  temporary  set,  and  also  that  it  appears  behind  the 
last  deciduous  molar  on  each  side. 

The  third  molars,  often  called  WMoms^are  sometimes  \merupted 
through  life  from  want  of  su^cicnt  jaw  space  and  the  presence  of 


72  THE    CONNECTIVE    TISSUES.  [CH.Y. 

the  other  teeth ;  cases  of  whole  families  in  which  their  absence  is 
a  characteristic  feature  are  occasionally  met  with. 

WTien  the  teeth  are  fully  erupted  it  will  be  observed  that  the 
upper  incisors  and  canines  project  obliquely  over  the  lower  front 
teeth  and  the  external  cusps  of  the  upper  bicuspids  and  molan  lie 
outside  those  of  the  corresponding  teeth  in  the  lower  jaw.  This 
arrangement  allows  to  some  extent  of  a  scissor-like  action  in 
dividing  and  biting  food  in  the  case  of  incisors ;  and  a  grinding 
motion  in  that  of  the  bicuspids  and  molars  when  the  side  to  side 
movements  of  the  lower  jaw  bring  the  external  cusps  of  the  lower 
teeth  into  direct  articulation  with  those  of  the  upper,  and  then 
cause  them  to  glide  down  the  inclined  surfaces  of  the  external 
and  up  the  internal  cusps  of  these  same  upper  teeth  during  the 
act  of  mastication. 

The  work  of  the  canine  teeth  in  man  is  similar  to  that  of  his 
incisors.  Besides  being  a  firmly  implanted  tooth  and  one  of 
stronger  substance  than  the  others,  the  canine  tooth  is  important 
in  preserving  the  shape  of  the  angle  of  the  mouth,  and  by  its 
shape,  whether  ]x)inted  or  blunt,  long  or  short,  it  becomes  a 
cliaractcr  tooth  of  the  dentition  as  a  whole  in  both  males  and 
females. 

Anotlicr  feature  in  the  fully  developed  and  properly  articulated 
set  of  teeth  is  that  no  two  teeth  oppose  each  other  only,  but  each 
tooth  is  in  opposition  witli  two,  except  the  upj)er  Wisdom,  usually 
a  small  tooth.  This  is  the  result  of  the  greater  width  of  the 
upi)er  incisors,  which  so  arranges  the  "bite"  of  the  other  teeth 
that  the  lower  canine  closes  in  front  of  the  upper  one. 

Should  a  tooth  be  lost,  tlierefore,  it  does  not  follow  that  its 
foniier  opiwneiit  remaining  in  the  mouth  is  rendered  useless  and 
thereby  lia})le  to  be  removed  from  the  jaw  by  a  gradual  process 
of  extrusion  commonly  seen  in  teeth  that  liavc  no  work  to  perform 
by  reason  of  absence  of  antagonists. 


Structure  of  a  Tooth. 
A  tooth  is  generally  described  as  |K)sses8ing  a  ci'own,  neck,  and 

The  rrotrti  is  the  [KU'tion  which  projects  beyond  the  level  of  the 
jrinn.  The  mr/c  is  that  oonstricted  i)ortion  just  below  the  crown 
which  is  embraced  by  the  free  cdjj:es  of  the  gum,  and  the  fxx>t 
includes  all  below  this. 

On  luakinir  longitudinal  and  transverse  s«Mrtions  through  its 
centre  (tigs.  93,  94),  a  tooth  is  found  to  be  conijx):>ed  of  a  hard 
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nmttnti, dentin*  or  ivory,  which  i»  moulded  around  a  central  cavity 
naembles  in  general  stupe  t)te  outline  ot  the  tooth  ;  the 


Z^: 


J-  ' 


f/ 


7%.  9],—.  J,,  LdDgitndJiuLl  se^tfan  of  a  humnn  molar  tooth  ;  f,  onaent  t  d^  dentise 
•,  «iLUDt?l ;  t>,  pq]jH»Yi*7,    I  Owen.  J 


fStiftm^." 


^ .--Deiiti&e. 


i  \.  PflTtostimiii 


Ijg^wes'Mw- 


Hg.  94.— PE^IDOkr  tooth  of  0At  In  J#M. 
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cavity  is  called  tln^  pulp  cavity  from  itft  containing  the  xorj 
vascular  and  seiisitivo  pulp. 

The  tftii(h-/mip  is  composed  of  loose  connective  tissnic,  bkxxi' 
vcaaels,  uervuii,  and  large  numtM}ra  of  cellw  of  varying  sliapcs,  e,ff,^ 
fueifonu,  st«llate,  and  on  the  surface  in  clo»e  connectirm  with  the 
dentine  a  speciaHaed  kyer  of  cells  called  oilfmtobhuig,  which  are 
elongated  cohininar-looking  cells  with  a  largt-  nucleus  at  the 
tapering  ends  farthest  from  tlie  dentins. 

The  hlood-vesaols  and  ner\^es  enter  the  pulp  through  a  small 
opening  at  the  apical  extremity  of  each  root.  The  exact  terminir 
tiona  of  the  nervi'^  are  not  definitely  known*     They  have  never 


Fig,  05.— Scctlim  of  *  portion  ol  Uie  ^^iituie  sod  eesocait  from  the  iiiiddli<  of  tb? foot  of  §m  i 
iDcinciF  tootb  ■:  a,  deolioftl  tttbolai  tamlf f^  uul  temLM&tmgf » iiomje  of  tSiem  in  tiM  IoMN'  ^j 
ft&bulHLi-  apuam  it  iueA  e't  d«  liuieT  laja  of  tbfi  tHoimt  wiUi  n'amamm  nlnariy  aVl  j 
can&liculi ;  ^,  outer  l&jtr  of  oemeot ;  /,  lufimm ;  /^  ^unlit^uli.    x  350.    (Ei3l&fir4 

heen  observed  to  ent^r  the  dentinal  tubes.     No  lymphatics  Umre 
been  Been  in  the  pulp. 

A  layer  **f  very  hard  calcareous  matter^  the  ewimely  caps  that 
part  of  the  dentine  which  projectu  beyond  the  level  of  the  giun  ; 
while  hhea thing  the  portion  of  dentine  which  is  beneath  the  level 
of  tlie  gum,  is  a  layer  of  true  bone,  called  the  ctmetit  or  trutta 

At  the  neck  of  the  tooth,  where  the  enamel  und  cement  come 
into  contact,  each  is  red  need  to  an  exceedingly  thin  layer;  the 
cement  overlapping  the  enamel  and  being  prolonged  over  it.  On 
the  surface  of  the  crown  of  the  tooth,  when  it  Ijnit  comes  through 
tlie  jaw^  ia  a  tliin  memhrane  called  Nami^tlkM  miten^rrfine^  or  the 
cutfdf  of  the  tiiolh.  The  iiovering  of  enamel  beoomes  thicker 
t*iwiird[»  the  crowu,  and  the  cemetit  towards  the  lower  end  or  apex 
of  the  rooL 

Dfitime  or  /wry, 

CArwj*V«/  eomjioitihn. — Dentine  cloflely  ret*e rubles  bone  in 
oUemieal  comfxitiitlon.     U  coutaina^  howeTer,  father  less  animal 
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matter ;  the  proportion  in  a  hundred  parts  being  about  twenty- 
eight  animal  to  Beventy-two  of  earthy.  The  former,  like  the 
animal  matter  of  bone,  may  be  converted  into  gelatin  by  boiling. 
It  also  contains  a  trace  of  fat  The  oiirthy  matter  is  made  up 
chiefly  of  calcium  phosphate^  with  a  small  portion  of  the  carbonate, 
and  traces  of  calcium  Jliwride  and  nuignemim  phosphate. 

Structure. — Under  the  microscope  dentine  is  seen  to  be  finely 
channelled  by  a  multitude  of  delicate  tubes,  which  by  their  inner 
ends  communicate  with  the  pulp- cavity,  and  by  their  outer  ex- 
d^mities  come  into  contact  with  the  imder  part  of  the  enamel  and 
cement,  and  sometimes  even  penetrate  them  for  a  greater  or  less 
distance  (figs.  95,  97).     The  matrix  in  which  these  tubes  lie  is 


fig.  96.— Enamel  prisms.     A,  fragmente  and  stogie  .prisms  of  the  transvenel^r-striated 


action  of  hydrochloric  ada.  B,  surface  of  a  small  fragment 
of  enameU  showing  the  hexagonal  ends  of  the  fibres  with  darker  centres,  x  350. 
(KolUker.) 

composed  of  "  a  reticulum  of  fine  fibres  of  connective  tissue  modi- 
fied by  calcification,  and  where  that  process  is  complete,  entirely 
hidden  by  the  densely  deposited  lime  salts  "  (Mummery). 

In  their  course  from  the  pulp-c«avity  to  the  surface,  the  minute 
tubes  form  gentle  and  nearly  parallel  curves  and  divide  and  sub- 
divide dichotomously,  but  without  much  lessening  of  their  calibre 
until  they  approach  their  peripheral  termination. 

From  their  sides  proceed  other  exceedingly  minute  secondary 
canals,  which  extend  into  the  dentine  between  the  tubules  and 
anastomose  with  each  other.  The  tubules  of  the  dentine,  the 
average  diameter  of  which  at  their  inner  and  larger  extremity  is 
^ijfjf  of  an  inch,  contain  fine  prolongations  from  the  tooth-pulp, 
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which  give  the  doutlne  a  certain  faint  sensitivencea  under  onU- 
narj  circrimstauccs  and,  without  doubt,  have  to  do  aim  mth 
its  nutrition,  Tliese  pralongHtions  from  the  tooth-pulp  are 
proceaBea  of  the  denline-cella  or  odon(obhM«  which  arts  ooluuinar 
cella  liiiiug  the  pulp-cAvity  ;  tlie  rektion  of  these  processes  tci  the 
tuhuloa  in  which  they  lie  is  pr^cimif 
sjiuilar  to  that  of  the  processes  of  th©  bone- 
corpuscles  to  the  canalieuli  of  bone.  The 
outer  |.K>Hiori  of  the  dentine,  underlyitig 
the  cementt  and  the  enamel  to  a  much 
lesser  degree,  forms  a  more  or  less  distinct 
lajer  termed  the  ^ranuitir  or  inttn/ioi^uinr 
lajcr  (fig.  95).  It  ia  characterised  by  the 
presence  of  a  number  of  irregular  minute 
cjell-like  cavities.  The  eiplauation  of  these 
will  be  seen  when  wo  study  the  develop- 
ment of  a  tooth. 

EmimeL 

Ckemiral  coftipmkifm,  —  The  enamei, 
M  iiich  is  by  far  the  h^irdest  tissue  in  the 
body,  is  com[306ed  of  the  same  inorganic 
compounds  that  enter  into  the  composition 
of  dentine  and  bone.  Its  animal  matter^ 
however,  amounts  only  to  about  2  or  3 
per  cent.,  and  does  not  yield  gelatin  cm 
boiling.  According  to  Tomes  it  containa 
no  animal  matter  at  all  Gelatin  im  a 
charn^eterifeitic  product  of  connective  tissue, 
and  enamel  is  not  a  connective  tissue^  but 
i8  epitheliid  in  origin. 

Examined  under  the  microscope,  enamel 
is  found  composed  of  sii-sided  prisms  (figm. 
96,  97)  ttfW  of  an  inch  in  diameter, 
which  are  set  on  end  on  the  surface  of  the 
dentine,  and  fit  into  corresponding  depres- 
sions in  the  8am«. 

They  radiate  in  such  a  manner  from  the 
dentine  that  at  I  lie  top  of  the  tooth  they  are  more  or  less  vertical , 
while  towards  the  sides  they  tend  to  the  horizontal  direction* 
Like  the  dentiuo  tubules^  they  are  not  straight,  but  disposed  in 
wary  and  pj^ralJd  curves.  Tlie  prisms  are  marked  by  tmnsversa 
lines  and  are  mAUh 

The  enamel  prisms  are  connected  together  by  a  very  minnte 


Wig.  f>7— Thin  «c^ti(m  of  the 
miiiiM'L  and  a  piut  of  tltt<i 
<li£ntifi(^»  «i^  cutji^uljir 
pflllXok    of    the*   cii&mel 

If  enamel  cottctDim  with 
Btmi3Sv$  bctw^sm  tbettn 
■nd  cmoM  ^irim  ;  c>  laif^ 
dirttSegi  in  the  eDuau-U 
cotomufilmUnm  vith  tbo 
ecxtrcniitie*  m  mmb&  of 
th0  dofitin&l  ttil^ei  {d}. 
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qutiutttj  of  hyaline 
cement  anbetance.  In 
the  deeper  part  of  the 
enamel,  between  the 
prisms,  are  oft^n  stimll 
iacumBj  which  have  the 
processes  or  fibrils  lying 
in  the  detitinal  tube**  in 
coimectiaii  with  them 
(fig.  97,  4 

Crmia  Petroia* 

The  ent^ta  petrom,  or 
em^ent  (fig,  95.  e,  d),  m 
oompofied  of  true  bone, 
and  in  it  are  lacuna:  (/} 
ttnd  canaliculi  (<7},  which 
nometimeB  communicate 
with  the  outer  finely 
branched  ends  of  the 
dentinal  tubulei,  and 
generally  with  the  inter- 
globular spaces.  Iti 
laQUDfl^  are  bolted  to- 
gelbfif  by  perforating 
^bres  like  those  of 
ordinarj'^  bone  {Shar- 
pey-a  fibres).  Ceo^ent 
differs  from  ordinary 
iKjne  in  possessing  no 
Haversian  canals,  or, 
if  at  allj  only  in  the 
thickest  part.  Such 
canals  are  more  often 
met  with  in  teeth  with 
the  cement  hyper  tro- 
phied  than  in  the  nonnal 
tootb. 


W\^^  oB. — 3{*eHi)ticpf  tlie  tipper  jaw  of  a  ffBtAlilMBp* 
Ap—t,  cotnuion  ctkjirnfl  fxv-ni\  dipping'  down  ifiio 
the  lAUoniiA  TiiombnLnr> ;    t,   pula.tiii'O  itroeem  of 

i'fkWi  j^  Ei.*te  MulpjjuthL  B. — btMitlon  timiJAT  to  A* 
mt  poiinnHr  thr»M^1i  (mv  of  the  «p«^  EDtttucl 
gftmui  hen  be>eaming  3aj»k-aha.pQd  ;  c,  ^t,  cjpitbe- 
ijiim  of  mouth;  /,  neck;  /*,  body  of  ispedJil 
^TiaTnel  ^mi^  C^— A  later  fttftu^ ;  c,  oatkot;  of 
tpltheUttEn  ijf  mtm ;  /,  iiet:k  ut  enmriiel  i^nn ; 
/^,  «iiiiTO<?l  oneao  ;  p>  popillu ;  9,  drmtiil  !mv.'  f  ntm- 
in^;/^,  the  r-niuii(,4  germ  of  penniitif'tit  t<xith ; 
m,  bon*)  [rf  jaw  ;  t%  vesssek  mit  aLTOwe.  (Walderpi 
aod  KuU»^?r,) 


Bavelopment  of  the  Teeth. 

The  first  step  in  the  davelopmeut  of  the  teeth  consists  in  a 
downward  growth  (fig.  98^  a,  i)  from  the  deeper  layer  of  stmtified 
epithelium  of  the  mucous  membrtine  of  the  mouth,  which  first 
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becomes  thiukened  in  the  ceighbourhood  of  the  maxillsB  or  Jaws 
now  in  the  coufso  of  formation.  This^  pitjcess  pa»8es  downmmxd 
into  a  reeess  of  thu  inii>erfe€tl j  developtMJ  tissue  of  tbe  etobfjoiik! 
jaw.  The  downward  epithelial  growth  forms  the  cf^mnitm  «iun 
or  dental  germ^  and  its  pzisition  i^  indiofcted  by  ii  slight  groove  i 
tbe  mucous  membrane  of  the  jaw.  The  next  step  in  tbe  pr«M>efli' 
consiHt-*  in  the  elongation  downward  of  the  enamel  grocive  aBd 
of  the  enamel  germ  and  the  inclination  outward  of  the  deeper 
part  (fig.  g8,  u,  f)^  which  is  now  inclined  at  an  angle  with  tb#^ 
upper  portion  or  neck  {f\  and  hjis  become  hulhous.  After  tUw 
there  is  an  hicreased  development  at  certain  points  €orrespondiug.j 
to  the  iiituations  of  the  fntiu^  milk-teetli.  The  common  enamel 
germ  tbut  becomes  extended  bj  further  growth  into  a  nnmbei 

of  special  omimel  genoa 
corresponding  to  each  of 
the  alwjve  mentioned  milk- 
teeth,  and  ecinnected  tri  the 
common  germ  by  a  narrow 
neck.  Each  tooth  is  tbua 
placed  in  its  own  specU 
recess  in  the  embryonic  jaw 

Aa  the&e  changes  pro- 
ceed, there  grows  up  from 
the  underlying  counective 
tissue  into  each  enamel 
gerra  {fig,  98,  c»  p),  a  die- 
tinct  vascular  ^MipUln  (tlmr 
f^d  papiita),  and  upcai  it 
tlie  enamel  germ  become* 
moulded,  and  presents  the 
appearance  of  a  cap  of 
two  layers  of  epithelium  separated  by  an  interval  (fig,  98,  c,  /'), 
Whilst  part  of  the  subepithelial  tissue  is  elevated  to  fonn  the 
dental  papilla^  the  part  which  Iwundsi  tbe  embryonic  teeth 
forms  the  dental  sac  (fig.  98,  c,  sr)  ;  aiid  the  rudiment  of  the 
jaw  sends  up  processes  forming  parti  titms  between  the  teeth. 
In  thm  way  ftruall  chambers  are  produced  in  which  the  den  tad 
fiaoi  are  contained,  and  thus  the  sockets  of  tbe  teeth  are  formed. 
The  papilla  is  compoaed  of  nucleated  cells  arranged  in  a  mesb- 
work,  the  outer  or  peripheral  part  being  covered  with  a  layer  of 
columnar  nucleated  cells  called  tMlmitoUa$ig,  The  odontoblasta 
form  tbe  dentine,  while  the  remainder  of  the  papilla  formB  the 
tooth-pulp. 


>efliV 


P%»  *;i9t,— F*it  of  mvtJoEi  rtf  fU'V(!i|aptag  tootli  of  a 

tb(^d«utmfi.  HlffhTy  iDSfmified.  <t,  gittpr  layer 
tif  fully  foimied  Oiditine ;  K  uDi^cJfled  miitTix 
with  unei  cir  tvo  iioduW  ot  eaU-art^ouM  mfttter 
netir  the  aldflM  pariK ;  e^  DrlMiiti)bla«4tft  iiend* 
iabi    nie   d'/iiNnt' ,    d,    pulp ; 

f  pill  pin  flbr<nii!^ 
cutmeotiive  ti"-  ■  iion  j^  f^tiLiiW  ^ith 

caxmliiie,  whi' I  unfjileUlieii  injitrix 

but  not  the  m  I  ^       .    (li^A.  ^ichfilt-rj 


R,  TU-vif onfi  or  ved^ie-ahjipi?  ce  li  U  f  o  u  u 
udDntoblBJiIs :  / ,  >*tvl  1  at*.'  i « 1  Ih  <  i  f  piil  i 


I 
I 
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The  method  of  the  formation  of  the  dentine  by  the  odontoblasts 
is  given  in  Quain's  Anatomy  as  follows  : — 

These  cells  either  by  secretion,  or  as  some  think  by  direct 
transformation  of  the  outer  part  of  each,  form  a  layer  of  dentinal 
matrix  on  the  apex  of  the  papilla,  or  if  the  tooth  has  more 
than  one  cusp,  then  at  the  apex  of  each  cusp.  This  layer  is 
first  uncalcified  {odontogen\  but  globules  of  calcareous  matter 
soon  appear  in  it  These, 
becoming  more  niimerous, 
blend  into  the  first  cap  of 
dentine.  In  the  mean- 
while the  odontoblasts  have 
formed  a  second  layer  of 
odontogen  within  this  (fig. 
99),  and  this  in  turn  be- 
comes calcified ;  thus  layer 
after  layer  is  formed,  each 
extending  laterally  further 
than  its  predecessor ;  the 
layers  blend  except  in  some 
places ;  here  portions  of 
odontogen  remain,  which 
in  a  tooth  macerated  for 
histological  purposes  get 
destroyed,  and  appear  as 
the  interglobular  sjxices 
(fig.  9S),  80  called  because 
bounded  by  the  deposit  of 
calcareous  salts,  which 
occurs,  as  we  have  already 
seen,  in  the  form  of  globules. 

As  the  odontoblasts  re- 
tire towards  the  centre, 
depositing  layer  after  layer 
of  dentine,  they  leave 
behind  them  long  filaments  of  their  protoplasiu  around  which  the 
calcareous  deposit  is  moulded  ;  thus  the  dentinal  tubules  occupied 
by  the  processes  of  the  odontoblasts  are  formed. 

The  other  cells  of  the  dental  papilla  form  the  cells  of  the 
pulp. 

Formation  of  the  enamel. — The  portion  of  the  enamel  or  dental 
germ  that  covers  the  dental  papilla  is  at  this  stage  called  the 
enamel  organ.     This  consists  of   four   partis  (see  figs.    100   and 

lOl). 


Fig.  100.  -Vertical  trarwvorse  section  of  the  dental 
.oac,  pulp,  ^'c,  of  a  kitten,  o,  dental  papilla 
or  pulp ;  b,  the  tiip  of  dentine  formed  upon 
the  i*ummit ;  r,  its  covering  of  enamel ;  <l,  inner 
layer  of  epithelium  of  the  enamel  organ  ; 
e,  g^latinoujft  tissue  ;  /,  outer  epithelial  layer 
of  the  enamel  or^an ;  <7.  inner  layer,  and  A, 
outer  layer  of  dental  sac.     x  14.    (Thiersch.) 


CONNECTIYE 


I.  A  layer  of  columnar  epitbelitim  cells  id  coutact  with  the 
dentine,  Tliese  are  called  the  enarnel  cell^  or  adamanith 
Uast*. 

a*  Two  or  tbree  layerB  of  snmller  polyhedral  nnclcated  cells, 
fh€  stratum  intfrmedium  of  Hannover. 


01. — ^Il|ffbl|  tjukfmfied  view  of  ii  piv^.t*  nf  tbe  esumft  cv^no  in  a  Htten'i  c 
wqwrti^al  u^ er  of  dlL'ntiTlL^    r«  n«vlr  f  anxuMl  eoiunei]  vbtiBed  bl^tck  b}'  omoic  acid. 


Fiff,  joi.— 1 

tlie  «iiJiiBel  offKA.    p,  biAuobed  c«lU  of  Uie  eiiftmjet  pcUp,    (Aftet  Eow,) 

3.  A  matrix  of  noo-vascular  jelly 4ike  tisaua  containing  stelli 
oelk. 

4«   All  outer  membrane  of  aeveral  layers  of  flattened  epitheltum 
cells. 

The  first  tbree  layers  on  an  enlarged  scale  are  seen  lu  fig, 
101* 

The  enamel  prisms  are  formed  bj  the  agency  of  the  ends  of 
the  adamantoblasts  which  abut  an  the  dental  papilla.  Each 
forms  a  ^ne  do  posit  of  globules  staining  with  osujiq  acid  and 
resembling  keratin  in  its  resistance  to  mineral  acid.  At  one 
time  it  was  believed  that  each  adamantobhist  was  itself  calcitied 
and  converted  into  an  enamel  priam,  but  this  view  has  be^n 
disproved  by  recent  research.  The  layer  of  keratiudike  materiiy 
is  outside  tbc  bodies  of  the  cells,  although  a  process  of  each 
adaman  to  blast  extends  into  it  as  a  ta  peri  tig  fibre  (process  of 
Tomes) I  and  it  is  usually  produced  slmultaneoujaly  with  the  &7mt 
layer  of  uu calcified  dentine ;  when  it  undergoes  calciti cation,  the 
first  layer   of   enamel    is   complete*     The  adamauioblasts  then 


I 
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repeat  the  process,  first  causing  a  deposition  of  keratin-like 
material,  and  this  in  turn  is  calcified,  and  so  on.  During  the 
formation  of  layer  after  layer  of  enamel,  the  adamantoblasts 
retire.  By  the  time  the  enamel  is  approaching  completion  the 
other  layers  of  the  enamel  organ  have  almost  disappeared,  and 
they  entirely  disappear  when  the  tooth  emerges  through  the  gum. 
But  for  some  little  time  there  is  a  somewhat  more  persistent  mem- 
brane covering  the  crown ;  this  is  Nasmyth's  membrane,  or  the 
enamel  cuticle  ;  this  is  the  last  formed  keratinous  layer  of  enamel 
which  has  remained  uncalcificd. 

As  with  the  dentine,  the  formation  of  enamel  appears  first  on 
the  apex  of  each  cusp. 

The  cement  or  criMta  petrosa  is  formed  from  the  internal  tissue 
of  the  tooth  sac,  the  structure  and  function  of  which  are  identical' 
with  those  of  the  osteogenetic  layer  of  the  periosteum  ;  or,  in  other 
words,  ossification  in  membrane  occurs  in  it. 

The  outer  layer  or  portion  of  the  membrane  of  the  tooth  sac 
forms  the  dental  periosteum. 

This  periosteum,  when  the  tooth  is  fully  formed,  is  not  only 
a  means  of  attachment  of  the  tooth  to  its  socket,  but  also  in  con- 
junction with  the  pulp  a  source  of  nourishment  to  it.  Additional 
laminae  of  cement  are  added  to  the  root  from  time  to  time  during 
the  life  of  the  tooth  (as  is  especially  well  seen  in  the  abnormal  con- 
dition called  an  ejcostosis\  by  the  process  of  ossification  taking  place 
in  the  periosteum.  On  the  other  hand,  absoq)tiou  of  the  root 
(such  as  occurs  when  the  milk-teeth  are  shed)  is  due  to  the  action 
of  the  osteoclasts  of  the  same  membrane. 

In  this  manner  the  first  set  of  teeth,  or  the  milk-teeth,  are 
formed ;  and  each  tooth,  as  it  grows,  presses  at  length  on  the  wall 
of  the  sac  enclosing  it,  and,  causing  its  absorption,  is  cuty  to  use  a 
familiar  phrase. 

The  temporary  or  milk-teeth  are  later  replaced  by  the  growth 
of  the  permanent  teeth,  which  push  their  way  up  from  beneath 
them. 

E^h  temporary  tooth  is  replaced  hy  a  tooth  of  the  permanent 
set  which  is  developed  from  a  small  sac  which  was  originally  an 
ofishoot  from  the  sac  of  the  temporary  tooth  wliich  precedes  it, 
and  called  the  cavity  of  resertfe  (fig.  98,  r,  fp).  Thus  the  tem- 
porary incisors  and  canines  are  succeeded  by  the  corrc8i)onding 
permanent  ones,  the  temporary  first  molar  by  the  first  bicuspid  ; 
the  temporary  second  molar  developes  two  offshoots,  one  for  the 
second  bicuspid,  the  other  for  the  permanent  first  molar.  The 
permanent  second  molar  is  budded  off  from  the  first  permanent 
molar,  and  the  wisdom  from  the  permanent  second  molar. 

K.P.  G 
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The  deyelopmcnt  of  the  temporary  teeth  commences  about  the 
sixth  week  of  intra-uterine  life,  after  the  laying  down  of  the  bony 
structure  of  the  jaws.  Their  permanent  successors  begin  to  form 
about  the  sixteenth  week  of  intraruterine  life.  The  second 
permanent  molars  originate  alK)ut  the  third  month  after  birth, 
and  the  wisdom  teeth  about  the  third  year. 


The  Blood. 

A  full  consideration  of  the  blood  will  come  later,  when  we 
know  more  about  tlie  chemical  aspects  of  physiology,  but  it 
will  be  impossible  to  discuss  all  the  other  phenomena  we  shall 
have  to  study  in  the  meanwhile  without  some  elementary 
knowknlge  of  the  principal  properties  of  this  fluid.  For 
that  reason,  and  also  to  complete  our  list  of  the  connectiTe 
tissues,  we  may  here  nipidly  and  ])riefly  enumerate  its  principal 
characters. 

The  blooil  is  u  fluid  which  holds  in  suspension  large  numben 
of  solid  ])articlos  which  are  called  the  corjnudes.  The  fluid 
itself  is  called  the  )>fnsm<t  or  iifjtior  sajitpunix.  It  is  a  richly 
albuminous    Huid  ;    and    one    of    the    proteids    in    it    is    called 

After  ])l(Mxl  is  shed  it  rapidly  becomes  viscous,  and  then  sets 
into  a  jolly.  The  jelly  contracts  and  stjueezes  out  of  the  clot 
a  straw-coloured  llui<l  called  serum,  in  which  the  shrunken  clot 
then  float.s. 

The  formation  of  threads  of  a  solid  proteid  called  ^/t6rtn  from 
the  soluble  proteid  we  have  called  fihrhiof/en  is  the  essential 
act  of  coa|j:ulati<>n;  this,  with  the  corpuscles  it  entiuigles,  is  called 
the  dot.  Sei-uiii  is  ])lasma  minus  Hbrin.  The  following  scheme 
shows  the  relatiuiiships  of  the  constituents  of  the  blood  at  a 
glance  : — 

f  Serum 
r„      ,  (  Plasma  I  Fibrin  (  ,,, 

(  (  orpuseles  j 

The  corpuscles  are  of  two  chief  kinds,  the  re<l  and  the  white. 
The  white  corpuscles  are  typical  animal  cells,  and  we  have 
already  made  their  acquaintance  when  spcakinir  about  amoeboid 
movements. 

The  re<l  corpuscles  are  much  more  numerous  than  the  white, 
averaicinj:  in  man  5,000,000  per  cubic  millimetre,  or  400  to  500 
red  to  each  white  corpuscle.  Ii  is  these  red  e<wpuscles  that  give 
the  rcnl  colour  tf)  the  1)1(khI.     They  varv  in  size  and  stnicture  in 
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different  groups  of  the  vertebrates.  In  mammals  they  are  bi- 
concave (except  in  the  camel  tribe,  where  they  are  biconvex) 
non-nucleated  discs,  in  man  ^^Vir  ^^^^  ^^  diameter ;  during  foetal 
life  nucleated  red  corpuscles  are,  however,  found.  In  birds,  reptiles, 
amphibians  and  fishes  they  are  biconvex  oval  discs  with  a  nucleus  : 
they  are  largest  in  the  amphibia.  The  most  important  and 
abundant  of  the  constituents  of  the  red  corpuscles  is  the  pigment 
which  is  called  haemoglobin.  This  is  a  proteid-like  substance, 
but  is  remarkable  as  it  contains  a  small  amount  of  iron  (about 
o'4  per  cent.). 

The  blood  during  life  is  in  constant  movement.  It  leaves  the 
heart  by  the  vessels  called  arteries^  and  returns  to  the  heart  by 
the  vessels  called  veins  ;  the  terminations  of  the  arteries  and  the 
commencements  of  the  veins  are,  in  the  tissues,  connected  by  the 
thin-walled  microscopic  vessels  called  capillaries.  In  the  capil- 
laries, leakage  of  the  blood-plasma  occurs ;  this  exuded  fluid 
carries  nutriment  from  the  blood  to  the  tissue-elements,  and 
removes  from  them  the  waste  products  of  their  activity.  The 
lymph  is  collected  by  lymphatic  vessels,  which  converge  to  the 
main  lymphatic,  called  the  thoracic  duct.  This  opens  into  the 
large  veins  near  to  their  entrance  into  the  heart ;  and  thus  the 
lymph  is  returned  to  the  blood. 

But  blood  is  also  a  carrier  of  oxygen,  and  it  is  the  pigment 
haemoglobin  which  is  the  oxygen  carrier ;  in  the  lungs  the 
haemoglobin  combines  with  the  oxygen  of  the  air,  and  forms  a 
loose  compound  of  a  bright  scarlet  colour  called  oxyhctmoglobin. 
This  arterial  or  oxygenated  blood  is  taken  to  the  heart  and  thence 
propelled  by  the  arteries  all  over  the  body,  where  the  tissues  take 
the  respiratory  oxygen  from  the  hsemoglobin,  and  this  removal  of 
oxygen  changes  the  colour  of  blood  to  the  bluish-red  tint  it  has 
in  the  veins.  The  veins  take  the  blood  minus  a  large  quantity 
of  oxygen  and  plus  a  large  quantity  of  carbonic  acid  received  in 
exchange  from  the  tissues  to  the  heart,  which  sends  it  to  the 
lungs  to  get  rid  of  its  surplus  carbonic  acid,  and  replenish  its 
store  of  oxygen ;  then  the  same  round  begins  over  again. 


Qi  % 


84  MUSCrLAK    TISSUE.  [CH.  VI. 

CHAPTER    Vr. 

MCSCULAR    TISSUE. 

Muscle  is  popularly  known  an  flesh.  It  possesses  the  power  of 
contraction,  and  is,  in  the  hi^^her  animals,  the  tissue  by  which 
thoir  movements  are  executed.  The  muscles  may  be  divided 
from  a  physiological  8tan<l|X)int  into  two  great  classes,  the  volun- 
tary muscles,  those  which  are  under  tlie  control  of  the  will,  and 
the  involuntary  nniscles,  those  which  are  not.  The  oontraction 
of  the  involuntary  muscles  is,  however,  controlled  by  the  nervous 
system,  only  by  a  difl'erent  [wirt  of  the  nervous  system  from  that 
which  controls  the  activity  of  the  voluntar}'  muscles. 

When  muscular  tissue  is  examined  with  the  microscope,  it  is 
seen  to  be  made  up  of  small  elongated  thre}ul-like  structures, 
which  are  called  iininfular  fihrtg  ;  these  are  Inmnd  into  buudles  bj 
connective  tissue,  and  in  the  involuntary  muscles  there  is  in 
addition  a  certain  amount  of  cement  substance,  stainable  by  nitrate 
of  silver,  l>etween  the  fibres. 

Tiie  nuiscular  fibres  are  not  all  alike ;  those  of  the  voluntary 
nniscles  are  seen  by  tlie  mi('n»sco])e  to  be  marked  by  alternate 
dark  and  light  stripings  or  striations  ;  these  are  called  trant- 
versely  striattil  mttxruiar  Jih-fs.  The  invohmtary  fibres  have 
not  got  these  markings  as  a  rule.  Tiiere  is  one  important 
exception  to  this  rule,  namely,  in  the  case  of  the  heart,  the 
nuiscular  fibres  of  which  are  involuntary,  but  transversely 
striate*!.  There  are,  however,  histological  differences  between 
cardiac  niusele  and  tlie  ordinary  voluntary  striated  muscles. 
Tlie  unstriat<*d  invnlmitary  inuseular  fi})res  found  in  the  walls  of 
the  stomach,  iiite.stiin',  bladder,  bjcMxl-vessels,  uterus,  and  oth^ 
contractile  organs  are  ^a^nenilly  sj)oken  of  as  jtiam  muscuiar 
ilhrtt. 

From  tin'  histological  staiulpoint  there  are,  therefore,  thi^e 
varieti<*s  of  niuseular  tibres  found  in  the  ImmK'  of  the  higher 
animals:  transversely  striated,  eanliae,  and  plain  muscular  fibres. 
The  relationship  of  this  histological  classitication  to  the  physio- 
loirical  classification  into  voluntary  and  involuntary  is  shown  in 
the  following  table  :  — 

I.  Tr;iiisv<'r>ely  striaifd  nnis«'i.l:ir  !iliri>  : 

//.    In  >k«;it:»l  IiiiJ^r:!'   ....         VnI.rNTl.RY. 

/',    In  c.-iT'li-'n'  inu>elL-    .         .         .         .  \ 

2    riiiin  muscular  til.rrs  :  /  i..,.,,!  rvTARr 

III  M.w.(l.vc«<'^.'U.  intcHtin.',  uterus,  i  ' -^ '^">-» ''^takt. 

bla«Mor,  etc ' 
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All  kinds  of  muscular  tissue  arc  therefore  composed  of  fibres, 
but  the  fibres  are  essentially  different  from  those  we  have  hitherto 
studied  in  the  connective  tissues.  There,  it  will  be  remembered, 
the  fibres  are  developed  between  the  cells ;  here,  in  muscle,  the 
fibres  are  developed  from  the  cells ;  that  is,  the  cells  themselves 
become  elongated  to  form  the  muscular  fibres. 

Voluntary  Muscle. 

The  voluntary  muscles  are  those  which  are  sometimes  called 
skeletal^  constituting  the  whole  of  the  muscular  apparatus 
attached  to  the  bones.* 

Each  muscle  is  enclosed  in  a  sheath  of  areolar  tissue,  called  the 
Epimy^ivm  ;  this  sends  in  partitions,  or  septa,  dividing  off  the 


I^.  X02. — A  braached  muacular  fibre  from  the  frog'H  tongue.    (Eolliker.) 

fibres  into  fasciculi,  or  bundles ;  the  sheath  of  each  bundle  may 
be  called  the  PeriinyBium.  Between  the  individual  fibres  is  a 
small  amount  of  loose  areolar  tissue,  called  the  Endomydvm. 
The  blood-vessels  and  nerves  for  the  muscle  are  distributed  in 
this  areolar  tissue. 

The  fibres  vary  in  thickness  and  length  a  gcxxl  deal,  but  they 
average  -j-J-^-  inch  in  diameter,  and  about  i  inch  in  length.  Each 
fibre  ia  cylindrical  in  shape,  with  roimdod  ends ;  many  become  pro- 
longed into  tendon  bundles  (fig.  iii),  by  wliich  the  muscle  is  at- 
tached to  bone.  As  a  rule  they  are  unbranched,  but  the  muscle 
fibres  of  the  face  and  tongue  divide  into  numerous  branches 
before  being  inserted  to  the  under  surface  of  the  skin,  or  mucous 
membrane  (fig.  102).  The  fibres  in  these  situations  are  also  finer 
than  in  the  majority  of  the  voluntary  muscles. 

Each  fibre  consists  of  a  sheath,  called  the  sarcolevimn,  enclosing 


•  The  moscalar  fibres  of  the  pharynx,  part  of  the  oesophagus,  and  of  the 
mnBcles  of  the  internal  ear,  though  not  under  the  control  of  the  will,  have 
the  same  stractnre  as  the  voluntary  muscular  fibres. 
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a  soft  material  called  the  contructile  Auhsiuncf.  The  sarcolenimft 
is  homogeneous,  elastic  in  nature^  and  especially  tough  in  fish  aod 
amphibia.  It  may  readily  be  demonstrated  in  a  mierosiiopic  pr«»- 
paratioij  of  fresh  muscular  fibres  by  applying  gentle  pt^saiire  to 
the  cover  slip;  the  eontmctiie  substance  is  thereby  mpturcd 
leaving  the  sar oolemma  bridging  the  space  (tig.  103).  To  th* 
sarcolemma  are  seen  atlhering  some  nuclei. 

The    contractile    subHtaace  within  the  slieath  is  made  up  of 
alternate  disica  of  dark  and  light  auhstanee. 

Muscular  fibres   eontfiin  oval  nuclei      In  mamnmliati  muscl 
thea«  are  situated  joat  beneath  the  sarcolemma ;  but  in   frog'u 
muscle  they  occur  also  in  the  thickness  of  the  muscular  BbreJ 


.^^ illHIDO***''*, 
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The  chromoplasm  of  the  nucleus  has  generally  a  spiral  arnLtige^^ 
ment,  and  often  there  is  a  little  gmiHilitr  protopUiain  (well  tjeeu 
in  the  muscular  Hbres  of  the  diaphragm)  around  each  pole  of  tlii 
nucleus. 

The  foregoing  facts  can  be  made  out  with  a  low  power  of  tbe 
microscope ;  on  eicaminmg  muscular  fibres  with  a  high  power 
other  details  can  be  seen.  Treatment  with  di  fie  rent  reagents 
brings  out  still  further  points  of  structure.  These  are  difFerentl 
described  and  differently  interpreted  by  different  bistologists ;  and 
perhaps  no  eultjeet  in  the  wliole  of  microscopic  anatomy  has  been 
more  keenly  debated  than  the  structure  of  a  mui^cular  fibre,  atid 
th©  meaning  of  the  changes  that  occur  when  it  contracts,  Al 
good  deal  of  the  ditficulty  has  doubtless  arisen  from  tlie  ftict  iim£ 
a  rausenlar  filtre  is  cylindrical,  and  if  one  ffwusses  the  surfneeouft 
gets  different  optical  effeeta  from  tho«c  obt-nined  by  focussing  deep 
in  the  subs  tan  ee  of  the  fibre.  I  shall,  in  the  following  account  of 
the  intimate  stnicture  of  striated  musele,  adhere  very  closely  to 
the  Trritinga  of  Professor  Schafer* 
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II  tlia  t>iirface  ib  corcfullv  fotnissed  rows  of  apparent  gnitmlc.4 
Mtj  seen  lying  at  the  luikiiidariea  of  the  light  stmiks,  iiiid  fine 
lotig^itudiiial  lilies  pii^^ing  through  the  dfirk  streaks  may  bo 
deiectrKi  iiidtiug  tlie  apparent  gmnulet*  (fig.  104), 

Iti  fipecimeua  treated  with  diltite  acidn  or  gold  chloride,  the 
jiulcK  arc  Been  to  he  eonneeted  side  by  side,  or  transversely 
J,  ThiM  reticulum  (fig.  105)^  with  it^  longitudinal  and  touisTerse 
dlitiH,  wiis  at  out?  thn*,*  considered  to  be  the  essential  contractile 
of  the  inu»oalar  fibre  ;  it  waa  thought  that  on  contraction 


105.— P»iitjnn  of  ruuMJ»4lb» <>{ 
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muAcular  Qhtvm  of  Luma»  toD(pje. 
The  Qoda  mv  4c#plf  »taiiic4, 
iiittuitAd  life  tiut  iadda  of  £hfi  «r< 

■bow*  *'  Cohnhcim^ji  axcu.'^ 
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tbd  tnansTene  networks^  with  their  enhirgements^  the  granuleB, 
became  increased  by  the  longitudujal  strands  diminiahing  in 
length  and  running  into  fcheni.  ^lost  histologisU  have  rejected 
this  idea,  and  reg^ird  the  network  as  more  luterstitial  substance 
lying  Wtween  tlic  ea«oiitially  contractile  portions  of  the  nniHclc, 
A  muatjuhir  fibre  is  t\m&  made  up  of  what  are  variously  called 
jiiirils,  mu^h-cohintfis  or  mrcogt^le*  ;  and  the  longitudinal  niter- 
i&titi&l  subtitauce  with  cross  networks  comprising  the  reticulum  jnst 

P erred  to  is  called  mrcifpkimi.  By  the  use  of  certain  reagents^ 
^h  m  osmic  acid  or  alcohol,  the  muscle  a>lu  inn  a  or  sarcoatyles 
y  be  ooraplotoly  sej^arated  from  one  another, 
A  traiiBvei^se  section  of  a  muscular  fibre  (fig*  106)  shows  tlie 
sections  of  these  sarcostyles ;  the  iiiterstitial  sarcoplaain  is  repre- 
sented as  white  in  the  drawing*  The  angular  BeMs  separated 
by  sarcoplaam  may  still   be  called  by  their  old  name,  arta.9  of 
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If,  instead  of  focussing  the  surface  of  a  fibre,  it  is  observed  in 
its  depth,  a  fine  dotted  line  is  seen  bisecting  each  light  stripe ; 
this  has  been  variously  termed  Dohi^s  lincy  or  Kra/yse^s  trumbnuu 
(fig.  107).  At  one  time  this  was  believed  to  be  an  actual  membrane 
continuous  with  the  sarcolemma.  It  is  probably  very  largely  an 
optical  effect,  caused  by  light  being  transmitted  between  disca 
of  different  refrangibility. 

If  cross  membranes  do  exist  they  are  not  very  resistant ;  thia 
was  well  shown  by  an  accidental  observation  first  made  by  Kuhne, 


Fig.  107.— A.  Portion  of  a  iin»dium-Hizo<l  human  muncular  fibre.  X  800.  B.  Sepamted 
bunilloH  of  librilK  equally  niafoiifiod  ;  a,  a,  larger,  and  h,  /',  Hmaller  coHections ;  e,  itiU 
^malltT ;  d,  d,  the  imialleHt  which  could  be  deta<-hed,  iKNwibly  reprceentiiig  ft  ^ngle 
serieM  of  Karcou»  eleincnt«.    ( Sliarpey . ) 


and  subse(iuently  seen  by  others.  A  minute  thread-worm,  called 
the  Mt/07'fr.tes,  wtis  observed  cniwling  up  the  interior  of  the  con- 
tractile substance  of  a  muscular  fibre  ;  it  crawled  without  any 
opposition  from  membranes,  and  the  track  it  left,  closed  up  slowly 
beliind  it  without  interfering  with  the  nonnal  cross-striations  of  the 
contractile  substance.  This  observation  strikingly  illustrates  the 
fact  that  the  contractile  sul^stanco  in  a  muscular  fibre  is  fluid,  but 
only  semi-fluid,  for  the  closing  of  the  thread-worm's  track  occurred 
slowly  as  a  iiole  always  closes  in  a  viscous  material. 

Another  iipi>carcince  which  is  sometimes  seen  is  a  fine  clear  line 
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running  across  the  fibre  in  the  middle  of  each  dark  band.  It  is 
called  Hmaen^B  line, 

A  muscular  fibre  may  not  only  be  broken  up  into  fibrils  or 
muscle-columns,  but  under  the  influence  of  some  reagents  like 
dilute  hydrochloric  acid,  it  can  be  broken  up  into  discs,  the 
cleavage  occurring  in  the  centre  of  each  light  stripe.  Bowman, 
the  earliest  to  study  muscular  fibres  with  profitable  results,  con- 
cluded that  the  subdivision  of  a  fibre  into  fibrils  was  a  phenomenon 
of  the  same  kind  as  the  cross  cleavage  into  discs.  He  considered 
that  both  were  artificially  produced  by  a  separation  in  one  or  the 
other  direction  of  particles  of  the  fibre  he  called  "sarcous  ele- 
ments." The  cleavage  into  discs  is  however  much  rarer  than  the 
separation  into  fibrils  ;  indeed,  indications  of  the  fibrils  are  seen  in 
perfectly  fresh  muscle  before  any  reagent  has  been  added,  and 
this  is  markedly  evident  in  the  wing  muscles  of  many  insects.  It 
is  now  believed  that  a  muscular  fibre  is  built  up  of  contiguous 
fibrils  or  sarcostyles,  while  cleavage  into  discs  is  a  purely  artificial 
phenomenon. 

Haycraft,  who  has  also  investigated  the  question  of  muscular 
structure,  lias  arrived  at  the  conclusion  that  the  cross  striation 
is  entirely  due  to  optical  phenomena.  The  sarcostyles  are  vari- 
cose, and  where  they  are  enlarged  different  refractive  effects  will 
be  produced  from  those  caused  by  the  intermediate  narrow  por- 
tians.  This  view  he  has  very  ingeniously  supported  by  taking 
negative  casts  of  muscular  fibres  by  pressing  them  on  to  the  sur- 
face of  collodion  films.  Tlie  collodion  cast  shows  alternate  dark 
and  light  bands  like  the  muscular  fibres. 

Schafer  is  unable  to  accept  this  view ;  he  regards  the  substance 
of  the  sarcostyle  in  its  dark  stripes  as  being  of  different  composi- 
tion, and  not  merely  of  different  diameter,  from  the  sarcostyle  in 
the  region  of  the  light  stripes ;  it  certainly  stains  verj'  differently 
with  many  reagents,  especially  chloride  of  gold.  His  views  regard- 
ing the  intimate  structure  of  a  sarcostyle  have  been  worked  out 
chiefly  in  the  wing  muscles  of  insects,  where  the  sarcostyles  are 
separated  by  a  considerable  (quantity  of  interstitial  stircoplasm, 
and  a  brief  summary  of  his  conclusions  is  as  follows  : — 

Each  sarcostyle  is  subdivided  in  the  middle  of  each  light  stripe 
by  transverse  lines  (membranes  of  Kmuse)  into  successive  i)or- 
tions,  which  may  be  termed  mrconirres.  Each  sarcomere  is  occu- 
pied by  a  portion  of  the  dark  stripe  of  the  whole  fibre ;  this 
portion  of  the  dark  stripe  may  be  called  a  sarcous  dtfinent,*     The 


•  Notice  that  this  expression  has  a  different  meaning  from  what  it 
originallj  had  wheu  used  bj  Bowman. 
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aarcoiis  element  m  really  double,  and  in  the  fitret^hed  fibre 
(fig.  1 08,  b)  separates  into  two  at  the  line  of  Heusen.  At  either 
end  of  the  sarcmis  element  is  a  clear  interral  separating  it  from  i 
Kraiiae*s  membrane  ;  this  clear  interval  is  more  evjdetit  in  the  J 
e.^teuded  sarcamere  (fig,  loS,  b),  but  diminihhea  on  eontractioml 
(fig.  I  oSt  a),  Tlie  cause  of  this  ia  to  be  foimd  in  the  structure  of  t 
the  sarcoua  element  It  is  pervaded  with  longitudinal  canals  or 
pores  open  towards  Knuiae's  niembraue,  but  closed  at  HeiiaCD'a 
line.  In  the  contracted  muscle  the  clear  part  of  the  muscle  aula- 
stance  passes  into  tlieae  pores,  disappears  from  view  to  a  gre^t 
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extent^  swells  up  the  aarcous  elementj  widens  it  and  shortens  the 
sarcomere.  In  the  extended  miiacle,  on  the  other  hand,  the  clear 
substaxice  passes  out  from  the  pores  of  the  sarcous  element,  and 
lies  between  it  and  the  membrane  of  Kmuse  ;  this  lengthens  and 
narrows  the  sarcomere,*  This  is  shown  in  the  diagrams.  It 
may  be  added  tliat  the  sarcous  element  does  not  lie  free  in  the 
middle  of  the  sarcomere,  but  is  attached  at  the  sides  to  a  fins 
enclosing  envelope,  and  at  either  end  to  Kmime's  membrane  bj 
fine  lines  running  through  the  clear  substance  (tig.  109,  a). 
Tills  view  is  lUterestingT  because  it  brings  into  harmony 
boid,  ciliary,  and  muscular  movemeut.      In  all  three  instanoes ' 


•  The  existcnoe  of  opeu  |iore«  is  not  admitted]  bv  nil  obsi-rvcrs* 
teijAriJ  the  pasjjagi?  of  lluid  in  and  out  of  the  aarcoua  clcioeni  an  due  io  * 
tlun  ihroiigh  its  membrsne. 


VOLIINTARY    MUSCLE 


hAve  pn»toplasm  composed  of  two  material s^  spotigioplflsm  and 

bj'zkiaplasiD.    In  amtrlwiid  movement  the  irregular  arrangement  of 

J  the  spODgioplu&m  allows  the  hyaloplasm  to  flow  in  and   out  of  it 

lit]  auT  direction.     In  eilijiry  movement  the  flow  is  limited  bj  the 

rtrraDgeuieut  of  the  e|»ongiop!asni   to  vue  direction  ;  hence   the 
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Umitatioa  of  the  movement  in  one  direction  (see  p,  33).  In 
mnacle,  alsoj  the  definite  nrrangement  of  the  spcmgioplasm  (repr©- 
tented  bj  the  sareous  element)  in  a  longitudinal  direction  directa 
tVie  Diovernent  of  the  hyaloplasm  (represented  by  the  clear  sub- 
ttauce  of  the  light  etripe),  so  that  it  must  flow  either  in  or  out  in 
Ihat  particular  direction.  The  muscular  tibre  is  made  up  of 
mrcofityles  and  the  sarcostjle  of  sarcomeres.     The  contraction  of 
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the  whole  miiacl^  is  onlj  the  sum  total  of  the  contraction  of  all 
the  coiistitaent  sarcomeres. 

In  an  ordiiiarv  umscukr  fibre   it  k  stated  that  when    it   con* 

tracts,  not  only  does  it  become  thicker  and  shorter,  but  the  light 

stripes  become  dark  and  the  dark   stripes  light     This  again  Is 

only  aw  optical  illaeion,  and  is  producetJ  hy  the  alterations  in  the 

eliape  of   the  Barcoatjles,   affcctiug  the 

HHrcoplasm    that    lim     between    them. 

When  the  sarcoiis  elements  swell  during 

^contraction,  the  sarcoplaam  ocoumulatea 


y\^*  1 1 1 .  —  TenuisAtiiin    uf  h. 

«iidof  bunale;  pfCslrefQJty 
of   xpBRmbr  imbttanre  c, 


Fig,  m.-ThnemufruUr  Mlircfli 
nmnixi^  lomgitiuLiiiiilU^  And 

C  in'^  in ji^«d,  >:  150.  {Kl«ixi 


opptisite  the  membranes  of  Krauae,  and 
diminiahes  in  amount  opposite  the  sar- 
cous  elements  ;  the  accumulation  of  sar- 
coplaam  in  the  preTiously  Hjt^ht  stripes 
niake«  them  appear  darker  by  contrasit 
than  tiie  dark  stripes  proper  This 
ia  very  well  tthown  in  fig.  1 10.  There 
is  no  true  reversal  of  the  stripings  in  the 
sarcostyles  themselves. 


That  this  10  the  caae  can  be  emu  very  well  when  n  muBcalur  fibro  h  «xiimirtcd 
with  palarised  UghU  A  pokrisiug  micptise<>j»e  contam*  a  KitolV  pmia 
btipewth  the  sUipe  of  tht*  niicrosco^ie  whieli  pnlariRes  the  lijfht  pn--i  up  rlu-oujEh 
the  object  phiced  on  the  ntaj^e.  The  i*yi>piert?  cnotain^  am  rlnr  Nreol*i 
pTJim,  which  detect*  Oiia  fact.  If  the  two  Niools  ate  pftnul^  1,  the  Il^-ht 
lag  through  the  Umi  pamgs  also  through  the  »2coud  ;  but  if  Lhe  ««coad 

at  nght  aDgl<^  to  the  fifBtf  the  Ught  canmot  traverse  it  and  the 
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appears  dark.  If  an  object  on  the  microscope  stage  is  doubly  refracting  it 
will  appear  brigbt  in  this  dark  field  ;  if  it  remains  dark  it  is  singly  refract- 
ing. The  aarcoplaam  is  singly  refracting  or  isotropoim  ;  it  remains  dark  in 
the  dark  field  of  the  polarising  microscope.  The  muscle  columns  or  sarco- 
styles  are  in  great  measure  doubly  refracting  or  auisotropous,  and  appear 
bright  in  the  £irk  field  of  the  polarising  microscope.  The  sarcostylc,  how- 
ever, is  not  wholly  doubly  refracting  ;  tho  sarcous  elements  are  doubly 
refracting,  and  the  clear  internals  are  singly  refracting.  On  contraction 
there  is  no  reversal  of  those  appearances,  though  of  course  the  relative 
thickness  of  the  singly  refracting  intervals  varies  inversely  with  that  of  the 
doatly  refracting  sarcous  elements. 

Ending  of  Muicle  in  Tendon, — A  tcndou-buudle  passes  to  each 
muscular  fibre,  and  becomes  firmly  united  to  the  sarcolemma. 
The  areolar  tissue  between  the  tendon-bundles  becomes  also  con- 
tinuous with  that  between  the  muscular  fibres  (fig.  1 1 1 ). 

Blood-vtMeU  of  Mttscle. — The  arteries  break  up  into  capillaries, 
which  run  longitudinally  in  the  endoniysium,  transverse  branches 
connecting  them  (fig.  112).  No  blood-vessels  ever  penetrate  the 
sarcolemma.  The  muscular  fibres  are  thus,  like  other  tissues, 
nourished  by  the  exudation  from  the  blood  called  lymph.  The 
lymph  is  removed  by  lymphatic  vessels  found  in  the  perimysium. 

The  nerves  of  voluntary  muscle  pierce  the  sarcolemma,  and  ter- 
minate in  expansions  called  end-plates,  to  be  described  later  on 
(see  p.  102). 

Neuro-musctdar  Spindles. — Bundles  of  fine  muscular  fibres  en- 
closed within  a  thick  lamellated  sheath  of  connective  tissue  are 
found  scattered  through  voluntary  muscles ;  they  are  especially 
numerous  near  the  tendon  and  in  the  proximity  of  intra-muscular 
septa.  It  is  remarkable  that  they  have  not  been  found  in  the  ocular 
or  tongue  muscles.  These  structures  are  called  neuro-muscular 
sjnndUs  ;  they  vary  in  length  from  ^  to  J  inch,  and  are  about 
^\-g  inch  in  diameter.  Kach  receives  a  nerve  fibre  which  divides 
into  secondary  and  tertiary  branches.  The  myelin  sheath  is  lost, 
and  the  tertiary  branches  encircle  the  muscular  fibres,  breaking 
up  usually  into  a  network.  There  has  been  considerable  discus- 
sion as  to  the  meaning  of  these  spindles,  but  the  belief  is  gaining 
ground  that  they  are  sensory  end  organs  in  the  muscle.  (See 
further,  chapter  on  Touch,  p.  G83.) 

Bed  Muscles. 

In  many  animals,  such  as  the  rabbit,  and  some  fishes,  most  of 
the  muscles  are  pale,  but  some  few  (like  the  diaphragm,  crureus, 
soleus,  semi-membranosus  in  the  rabbit)  are  red.  These  muscles 
contract  more  slowly  than  the  pale  muscles,  and  their  red  tint  is 
due  to  haemoglobin  contained  within  their  contractile  substance. 
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In  addition  to  these  physiological  distinctions,  there  are  histo- 
logical differences  between  them  and  ordinary  striped  muscle. 
These  histological  differences  are  the  following : — 

1.  Their  muscular  fibres  are  thinner. 

2.  They  have  more  sarcoplasm. 

3.  Longitudinal  striation  is  more  distinct. 

4.  Transverse  striation  is  more  irregular  than  usual. 

5.  Their  nuclei  are  situate<l  not  only  under  the  saroolemma, 
but  also  in  the  thickness  of  the  fibre. 

6.  The  transverse  loops  of  the  capillary  network  are  dilated 
into  little  resen-oirs,  far  beyond  the  size  of  ordinary  capillaries. 


Cardiac  Muscle. 

The  muscular  fibres  of  the  heart,  unlike  those  of  most  of  the 
involuntary  nuiscles,  are  striated;  but  although,  in  this  respect, 

they  resemble  the  skeletal  mus- 
cles, they  have  distinguishing 
characteristics  of  their  own.  The 
fibres  which  lie  side  by  side  are 
united  at  frequent  intervals  by 
short  branches  (fig.  1 1 3).  The 
fibres  are  smaller  than  those  of  the 
ordinary  striated  muscles,  and  their 
transverse  striation  is  less  marked. 
No  sarcolemma  can  be  discerned. 
Out;  nucleus  is  situated  in  the 
middle  of  the  substance  of  each 
fibre.  At  the  junctions  of  the  fibres 
the? re  is  a  certain  amount  of  ce- 
menting material,  stainablo  by  silver 
nitnite. 

Fif?.  m.-MuHCular  fibi-*' r»lls  from 
tli«;  heart.     (E.  A.  Sc-haf«T.) 


Plain  Muscle. 

Plain  muscle  fonns  the  j^roper  muscular  coats  (i.)  of  the  digestive 
canal  from  the  middle  of  the  u'sopliagus  to  the  internal  sphincter 
ani ;  (2.)  of  the  ureters  iind  urinarv  bl.uldor :  (3.)  of  the  trachea 
and  bronehi ;  (4.)  of  the  duets  of  jjrlunds  ;  (5.)  of  the  j^all-bladder; 
(6  )  of  the  vesieuhe  seniinales  :  (7.)  of  the  uterus  and  Fallopian 
tubes  ;  (8.)  of  bl(X)d-vessels  and  lyni]>haties  :  (9.)  of  the  iris,  and 
ciliary  muscle  of  the  eye.  This  form  of  tissue  also  enters  lartrely 
into  the  composition  (10.)  of  the  tunica  f/artosy  the  contraction  of 
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which  is  the  principal  cause  of  the  wrinkling  and  contraction  of 
the  scrotum  on  exposure  to  cold.  It  occurs  also  in  the  skin 
generally,  being  found  surrounding  the  secreting  part  of  the  sweat 
glands  and  in  small  bimdles  attached  to  the  hair  follicles ;  it  also 
occurs  in  the  areola  of  the  nipple.  It  is  composed  of  long,  fusi- 
form cells  (fig.  114),  which  vary  in  length,  but  are  not  as  a  rule 
more  than  ^^  inch  long.     Each  cell  has  an  oval  or  rod-shaped 


Tig.  X14. — Muscular  fibre-cells  from  the  musculiir  coat  of  intestine — highly  magnified. 
Note  the  longitadinal  striation,  and  in  the  brokoi  fibre  the  sheath  is  yisible. 

nucleus.  The  cell  substance  is  longitudinally  but  not  transversely 
striated.  ELach  cell  or  fibre,  as  it  may  also  be  termed,  has  a  deli- 
cate sheath.  The  fibres  are  collected  into  ftisciculi,  and  united 
by  cementing  material,  which  can  be  stained  by  silver  nitrate. 
This  intercellular  substance  is  bridged  across  by  fine  filaments 
passing  from  cell  to  cell. 

The  nerves  in  involuntar}'  muscle  (both  cardiac  and  plain)  do 
not  terminate  in  end-plates,  but  by  plexuses  or  networks,  which 
ramify  between  and  around  the  muscular  fibres. 


Development  of  Muscular  Fibres. 

All  muscular  fibres  (except  those   of  the  sweat  glands  which 
are  epiblastic)  originate  from  the   mesoblast     The  plain  fibres 
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are  simply  elongated  cells  in  which  the  nucleus  becomes  rod- 
shaped.  In  cardiac  muscle,  the  likeness  to  the  original  oells 
from  which  the  fibres  are  formed  is  not  altogether  lost^  and  io 
certain  situations  (immediately  beneath  the  lining  membrane  of 
the  ventricles)  there  are  found  peculiar  fibres  called  after  their 
discoverer  Purkinjes  fibres  ;  these  are  large  clear  quadrangular 
cells  with  granular  protoplasm  containing  several  nuclei  in  the 
centre,  and  striated  at  the  margin.  It  appears  that  the  differen- 
tiation of  these  cells  is  arrested  at  an  early  stage, 
though  they  continue  to  grow  in  size. 

Voluntary  muscular  fibres  are  developed  from 
cells  which  become  elongated,  and  the  nuclei  of 
which  nuiltiply.  In  most  striated  muscle  fibres  the 
nuclei  ultimately  take  up  a  position  beneath  the 
coil-wall  or  sarcolemma  which  is  formed  on  the 
surfjice.  Striations  ai)pear  first  along  one  side,  and 
extend  round  the  fibre  (fig.  1 15),  then  they  extend 
into  the  centre. 

During  life  new  fibres  ai)pear  to  be  formed  in 
part  by  a  longitudinal  splitting  of  pre-existing 
fibres ;  this  is  preceded  by  a  multiplication  of 
nuclei  ;  and  in  part  by  the  lengthening  and  dif- 
ferentiation of  embryonic  cells  (sarcoplasts)  found 
between  the  fully  formed  fibres. 

In  plain  nuiscle,  growth  occurs  in  a  similar 
way  :  this  is  well  illustrated  in  the  enlargement  of 
the  uterus  during  pregnancy  ;  this  is  due  in  part 
to  the  jrrowth  of  the  pre-existing  fibres,  and  in  part 
t^)  the  formation  of  new  fibres  from  small  granular 
cells  lyin^  between  them.  After  parturition  the  fibres  shrink  to 
their  orij^inal  si/,«',  but  many  innler^o  fatty  degeneration  and  are 
removed  by  absorption. 
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CHAPTER   VII. 

XKUVK. 

Nervou.s  tissue  is  the  material  of  which  the  nervous  systeix^ 
is  comiMised.  The  nervcnis  system  is  eomiK)sed  of  two  parts,  th^ 
central  vervnns  sf/sfrm,  and  the  pfripherfii  titrvaus  system,  Tb<^ 
centnil  nervous  system  consists  of  the  brain  and  spinal  cord ;  tU^ 
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peripheral  nervous  BjBtem  consists  of  the  nerves,  which  conduct 
the  impulses  to  and  from  the  central  nervous  system,  and  thus 
bring  the  nerve  centres  into  relationship  with  other  parts  of  the 
body. 

Some  of  the  nerves  conduct  impulses  from  the  nerve-centres 
and  are  called  efferent ;  those  which  conduct  impulses  in  the 
opposite    direction  are   called  afferent       When   one   wishes   to 


Tig.  1x6.— Two  nexre-fibres  of 
■datic  nerve,  a.  Node  of 
Banrier.  b.  Axis-cylinder. 
o.  fflieath  of  Schwann,  with 
nndei.  MedoUary  sheath  is 
not  stained,  x  300.  (Klein 
and  Noble  Smith.) 


Pig.  117.— Axis 
cylinder,  high- 
ly magnified, 
snowing  its 
component 
fibrils.  ' 
(M.  Schultse.) 


move  the  hand,  the  nervous  impulse  starts  in  the  brain  and 
passes  down  the  efferent  or  motor  nerves  to  the  muscles  of 
the  hand,  which  contract ;  when  one  feels  pain  in  the  hand, 
afferent  or  sensory  nerves  convey  an  impulse  to  the  brain 
which  is  there  interpreted  as  a  sensation.  If  all  the  nerves 
going  to  the  hand  are  cut  through,  all  communication  with 
the  nerve-centres  is  destroyed,  and  the  hand  loses  the  power  of 
moving  under  the  influence  of  the  will,  and  the  brain  receives 
no  impulses  from  the  hand,  or  as  we  say  the  hand  has  lost 
sensibility. 

This  distinction  between  efferent  and  afferent  nerves  is  a 
physiological  one,  which  we  shall  work  out  more  thoroughly  later 
on.  No  histological  distinction  can  be  made  out  between  motor 
and   sensorj  nerves,  and  it  is  histological  structure  which  wo 
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wish  to  dwell  upon  in  this  chaptor.  Under  the  micixMOQipa 
nervous  tissue  is  found  to  consist  easentbllj  ti 
tuo  eknufnits,  nerv^-cHU  and  nei-ve-fibre^ 

The  uerve-eeHti  are  contained  in  the  bnin  luj 
epiual  cord,  and  in  smaller  collections  of  odkcn 
tlie  courtic  of  the  nerves  called  ganglia^.  Th«  pan 
of  the  nerve-centres  contain itig  cells  ia  called  ^ 
nmtter. 

The  nerve-fihrea  are  c^mtained  in  the  nerii^ 
and  in  the  whitt  matter  of  bmin  and  spinal  ooti 
'I'lie  nerve-fihrea  are  long  branches  from  the  ue^r^ 
ccIIk^  which  become  sheathed  iti  a  manner  to  bi 
i  ni  1 1  vt;  d  lately  dese  ri  bci  1 , 

Xervc-cclls  differ  in  si^e,  shape,  and  arrangfr 
lueut,  and  we  »hjdl  discuss 
tlR'sc  fully  wlani  we  get  to 
the  ncrvc-centj^d.  For  the 
proiUjnt  it  will  be  convenient 
to  condne  ijurnelvey  to  the 
nerve-fibres  iis  they  are  found 
\\\  a  iicrvc. 

Ncrvc-tibres  are  of  two  his- 
I  ulogi  ca  1  k  i  ndw,  met  fttlln  tM  ar  i  d 
lion  -  m  ^dulla  fe*  L  M  «!  u  1 1  atcd 
nerve-fibres  are  hnnid  in  the 
white  matter  of  the  nerve- 
cent  rea  and  in  the  nerves  origi- 
nating frotn  the  hiiiin  and 
s phial  cord.  NvJU'ttiedullatetf 
uervc-fibrcs  occur  in  the  sym- 
pathetic nerves. 

I'hc  medullated  or  white 
flbrea  arc  diamcterised  l»y  a 
H heath   uf   wlute  ctjhiun  fatty 
in    nature,   an^l    staine«l  black 
by    usiiin:     ticul  ;     it    l^s    called 
the  tnedulhwi/  shnatk  or  white 
suhstttncf    of    Srlnvtinn  :    this 
sheathes  the  essential  part  of 
the   fibre   which    is   a   process 
F^K.i'iS.  -Nerve-      from  a  iiervc-cell,  and  is  called 
with      (Willie      the  //.r/s  ct/llwin'.    Outside  the  medidlary  sheath  is 
B,*  '  uiirioiw!      ii  ti»"^   honioireneous  membrane  of   elastic  nature 
(Key  and  Ret-      called  the  jn'unitivv  shnttk  or  neurilemma. 
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nenre  -  fibre,  vkwi 
from  ftbore.  nMae* 
dullanreheatli  to  iatw- 
nipted,  and  the  iwiari- 
Mve  eheath  thieieiwi 
Copied  from  Aacel  Kcf 
and  Retsina.  x  730. 
(Klem&NoUeSmitfaO 
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The  axU  cylinder  is  a  soft  transparent  thread  in  the  middle 
of  the  fibre;  it  is  made  up  of  exceedingly  fine  fibrils  (fig.  117) 
which  stain  readily  with  gold  chloride.  The  medullary  sheath 
gives  a  characteristic  double  contour  and  tubular  appearance  to 
the  fibre.  It  is  interrupted  at  regular  intervals  known  as  the 
nodet  of  Banvier,  The  stretch  of  nerve  between  two  nodes  is 
called  an  tnter-node,  and  in  the  middle  of  each  inter-node  is  a 
nacleus  which  belongs  to  the  primitive  sheath.  Besides  these 
iotemiptions,  a  variable  number  of  oblique  clefts  are  also  seen. 


fly.  iMK — Soydl  bnuBoh  of  »  nnuoular  nenre  of  the  frog,  near  its  termination,  showing 
diTiriooa  of  Hip  fibiet.    a,  into  two ;  by  into  three,    x  350.    (K511iker.) 

dividing  the  sheath  into  medullary  segments  (fig.  1 1 8) ;  J^ut  most 
if  not  all  of  these  are  produced  artificially  in  the  preparation  of 
the  specimen. 

Tha^medtdlary  sheath  also  <x)ntaius  a  homy  substance  called 
newrokeratin  :  the  arrangement  of  this  substance  is  in  the  form  of 
a  network  or  reticulum  holding  the  fatty  matter  of  the  sheath  in 
its  meshes.  The  occurrence  of  homy  matter  in  the  epidermis, 
in  the  development  of  the  enamel  of  teeth  and  in  nerve  is  an 
interesting  chemical  reminder  that  all  these  tissues  originate 
from  the  same  embiyonic  layer,  ^he  epiblast.  The  fatty  matter 
consists  largely  of  lecithin,  a  phosphoriscd  fat,  and  cholesterin,  a 
monatomic  alcohol.  We  shall  make  a  more  intimate  acquaint- 
ance with  these  chemical  materials  at  a  later  stage  in  our 
studies. 

Near  their  terminations  the  nerve-fibres  branch  :  the  branching 
occurs  at  a  node  (fig.  120). 
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Staming  with  silver  iiitnite  produces  a  i)ecii)iar  appaamoe  i 

the  nodcBj  forming  >*  hat  is  known  m  the  cr«>«*fa  of  Hanviir, 
Uue  limb  of  the  ertjsa  h  produced  by  the   dark  ^tainliig 


by  Kilversl^iite  to  *buwpi.viili*r  bvkinriour  of  node*  of  &iiaiier»  II. 

Ktibii^iiii::^-,    {Kiein  Hue!  Kt^Mv  Bmitli,^ 


cetiieut    substance   which  occurs  between  the  segmonta  of  tkf 
neurilenuna ;  the  other  limb  of  tbe  cross  lu  due  Lo  the  i^taitiing  of 


(^jf 
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flwriKiHt  A I  rACih  botv^^  jH^tA.!  »btiith  (not  imHii.ig'nUy  ifinrkw  n/aX  fwW  ™^ 

tt*liumrimm  m  the  OstiJ  <  km  E  ^  Uie  ntrvn-ilntv  K  /  nn?  ai^iimled  lNB_^ 


n 


vii.l 


XKRVE. 


lOI 


k  number  of  minute  transverse  bantls  in  the  axis  cylinder 
JVfnnanH*$  lines)^  which  is  here  not  closely  invested  by  the 
aiedullarj  sheath. 

The  arrangement  of  the  nerve-fibres  in  a  nerA'c  is  best  seen  in 
ft  transverse  section. 

The  nerve  is  composed  of  a  number  of  bundles  or  funiculi  of 


1%.  iij^—  Sedicm 


the  second  thoracic  anterior  root  of  the  dog,  stained  with  ofimic 
acid.    (Oaakell.j 


nerve  fibres  bound  together  by  coinieetive  tissue.     The  sheath  of 
the  whole  nerve  is  called  the  ejnncurlum ;  that   of  the   funiculi 
the  perineurium  ;  that  which  {lasses  between  the  fibres  in  a  funi- 
culus, the  endoneurium  (fig.  122).  ^  ,  . 
The  size  of  the  nerve  fibres  varies  ;  the  largest  fil)res  are  found  in 
-tiw spinal  nerves,  wheroithey  are  14*4  to  19/1  in  dianietcr.*  Others 
mixed  with  these  measure  1  '8  to  ydii.  These  sniall  nerve-fibres  are 
the  visceral  nerves ;  they  pass  to  collections  of  nerve-cells  called 


tt  =  micro-millimetre  =  ^^  millimetre. 
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the  sympathetic  ganglia,  whence  they  emei^e  aa  non-meduUated 
fibrea,  aud  are  distributed  to  involuntary  muBcle.  They  are  woU 
aeeti  in  sections  stained  by  o«mic  acid,  the  black  rings  being  the 
stahied  medullary  sheaths  (fig.  123). 

The  non-mediillat©d  fibres  or  fihrei  of  Remak  have  ao 
medullary  sheath  and  are  tht-rt^fore  devoid  of  the  double  oontoiir 
of  the   medullated  fibres,   and  are  unafleeted  in   appearance  bj 


Fig.  1J4.— G^^,  di-  ncm^niediillAted  norve-fibrei.    A.  F^GDl  ft  ^ttiieli  of  tli 

iierre  of  Uiii  iih«ep  \  twci  diLrk*1>ord4if^  or  wkite  flbna  tfom  tbft  flfth  pttir  fli»  1 
elated  with  tbe  pilo  olf lUitorF  flbiw,    B.  Frovn  the  t^mpat^tjo  nerre.    x  4SAw 


Oimie   acid.      They   consist   of  an  axis  cylinder   covered   by  1 
nucleated  fibrillated  sheath.     They  branch  fretjuently, 

Thouj^fh  principally  found  in  the  sympathetic  nerves,  a  few  &r« 
found  in  the  spinal  nerves  mixed  with  the  medullated  tibres. 


Termliiattoii  of  Kervoe  in  Muscle, 

In  the  voiuntary  miisclejt  the  raotor  nerve-fibres  have  special  end 
organs  callefl  end-platen*     The  fibre  hratichos  two  or  three  timtf 
(figs,  t  20,  I  25)*  and  each  branch  goes  to  a  mujscnkr  fibre.  Here  tli« 
neurilemma  becomes  continuous  with  the  sarcolemma^  the  mediiJ' 
kry  sheath  stops  short*  aud  the  aiis  cylinder  branches  repeatedlj- 
Thia  ramification  is  embedded  in  a  layer  of  granular  piiotoplasi* 
conbiining  nuineroiis  nuclei.     Considerable  variation  in  shape   *^ 
the  end-jilatcis  occurs  in  diflcrent  parts  of  the  aninial  kiugdoJ**- 
Somewhat    similar   nerve-endings   are    seen    in    tendon ;   thi?^® 
however  are  doubtless  sensory  {dg^.  126,  127). 

In  the  mvoluniar^  muscient  the  fibres  which  are  for  the  most  p***^ 
non-meduUated  fonn  complicated  plexuses  near  their  terminatii^*** 
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The  plexus  of  Auerl)aeh  (fi|r*  1 2S)  between  the  musctilar  coats  of  the 
imeittne  is  a  typicJtt  ease,  (mnj[w4  of  nerve-cells  will  be  uotieed  at 
the  |tinctiona  of  the  fine  iiervtms  oords.    From  these  plexuses  fine 


r.  115. — Fnnn  a  pnfjvstina  nf  iu«  „ 

flbraii  of  II  vnaiib.    a,  End^plnto  ^^i^ti  rmly  briMiil  eurfaccd.    ^,  End- 

adics  pasa  off  and  bifurcate  at  freqiteut  intervals,  until  at  last 
pftimitte  fibrillfc  are  reached.  The^e  snbdivisioni  of  the  axis 
ffindcm  do  not  anaatomoee  with  oue  an  other,  but  they  come  in  to 


(7*, -T'Titt! tuition    rtf  Ditylultnted 


medulUUHl  n€sr^e*titjre ;    h^  reticuliited 


I  relationship  with  the  invDly ntary  muscular  fibres ;  though  some 
Dgiats  Ijave  statetl  that  they  en*!  m  the  nuclei  of  the  muaeular 
fibres^  it  is  now  believed  that  tbey  do  not  piss  into  their  interior. 
The  t^nniiiations  of  sejisoij  nerves  are  iji  some  cases  plexiusea, 
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in  others  speci&l  end  organB.     We  shall  deal  with  these  m 
study  of  aensation.   (See  Neu  ronmscular  Spindles^  pp.  9  3  and  61 


Fiff.  I  ai^— FlevnA  of  Auerbach,  between  the  two  l&Tcn  ot  B>bci  nnuonlar  oofti  ol  1^ 

Development  of  Kerre-fibres. 

A  nerve-fibre  m  primarily  an  outgrowth  from  a  uenre-oell,  as  i 
shown  tn   the  accompanying  diagram.     A  nerre-^^ell,  though  Ifl 


Fig.  iiq.^lltilti^lJirii^rTP-eell  fnnu  uitiiTic^r honi  of 


vpinal  nexd ;  a,  tijb  «f  Jtodar 
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may  have  many  branches,  only  gives  off  one  process  which  becomes 
the  axis  cylinder  of  a  nerve-fibre.  This  acquires  a  medullary  sheath 
when  it  passes  into  the  white  matter  of  the  bniin  or  8i)inal  cord, 
and  a  primitive  sheath  when  it  leaves  the  ner\'e-ccntre  and  gets  into 
the  nerve.      But  at  first  the  axis  cylinder  is  not  sheathed  at  all. 

The  formation  of  the  sheaths  is  still  a  matter  of  doubt,  but 
the  generally  accepted  opinion  is  that  the  primitive  sheath  is 
formed  by  cells  which  become  flattened  out  and  wrapped  round 
the  fibre  end  to  end.  These  are  separated  at  the  nodes  by  inter- 
cellular or  cement  substance  stainable  by  silver  nitrate  (fig.  121). 
These  cells  are  probably  mesoblastic.  The  medullary  sheath  is 
formed  according  to  some  by  a  fatty  change  occurring  in  the 
parts  of  these  same  cells  which  are  nearest  to  the  axis  cylinder, 
but  it  is  much  more  probable  that  it  is  formed  from  the  peri- 
pheral layer  of  the  axis  cyliiwier ;  the  presence  of  neurokcmtin 
in  it  distinctly  points  to  an  epiblastic  origin.  The  fact  also  that, 
in  the  nerve  centres,  the  medullated  nen-c  fibres  have  no  primi- 
tive sheath,  and  the  j)henomena  of  Wallerian  degeneration,  to  be 
described  later,  all  tend  to  confirm  tlie  same  view. 


CHAPTER  VIIL 

IRRITABILITY  AND  CONTRACTILITY. 

Irritability  or  Excitability  is  the  power  that  certain  tissues 
possess  of  responding  by  some  change  to  the  action  of  an  external 
agent.     This  external  agent  is  called  a  stimulus. 

L'ndifferentiated  cells  like  white  blood  coq)uscles  are  irritable ; 
when  stimuli  are  applied  to  them  they  execute  the  movements  we 
have  learnt  to  call  amoeboid. 

Ciliated  epithelium  cells  and  nmscular  fibres  are  irritable  ;  they 
also  execute  movements  under  the  influence  of  stimuli. 

Nerves  are  irritable;  when  they  are  stimulated,  a  cliange  is 
pnxiuced  in  them  ;  this  change  is  propagated  along  the  nerve  and 
is  called  a  nervous  impulse  :  there  is  no  cliange  of  form  in  the 
nerve  visible  to  the  highest  jx)wers  of  the  microscoj)e  ;  much 
more  doliciite  and  sensitive  instruments  than  a  microsc<)j)e  must 
he  employed  to  obtain  «.'vidonce  of  a  change  in  the  nerve ;  it  is 
of  a  molecular  nature.  But  tlie  irritability  of  nerve  is  readily 
manifested  by  the  results  the  nen'ous  impulse  produces  in  the 
organ  to  which  it  goes ;  thus  the  stimulation  of  a  motor  nerve 
produces  a  ner\'ous  impiUse  in  that  nerve  which,  when  it  reaches 
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a  muacle,  causes  the  muacle  to  cootmct :  stimulation  uf  a  sensory 
nerve  produces  a  nervous  impulse  in  that  nerve  wliieli  virbt*u  it 
reaches  the  brain  causes  a  sensation, 

Secreting  glands  are  imtable  ;  when  irritated  or  stiniulat«l 
they  secrete. 

The  electriail  organs  found  in  many  fishes  like  the  electric  eel, 
and  torpedo  ray,  are  irritable  ;  when  they  are  stimulated  they 
give  rise  to  an  electrical  discharge. 

Contractility  is  the  power  that  eertain  tissues  poBsess  of 
responding  to  a  stimulus  by  change  of  form*  Contractility  and 
irritability  do  not  necessarily  go  together ;  thus  both  muscle  and 
nerve  are  irritable,  but  of  the  two,  only  muscle  m  contractile. 

Some  movements  v bible  to  the  microscope  are  not  due  to 
contractility ;  thus  granules  in  pmtoplasm  or  in  a  vacuole  may 


^# 


Fi^^  t JO.— Plttg^i  pigment  e^Ut. 


Fijn  III,— Piffmeat-wllii  from  the  fctifift.  ji^  wIIh 
nftii  i^,,h,-nrur:  H«»n  cm  their  HurfAect  «,  nil* 
■  ']  tly  seen.     Id  the  trtliL^r  eellei  the 

II  ;  <  i3tilcd  b^  the  pigment  fnrnn  a]«9  ^ 

I.,  '- i*a  in  profile  J  rt^  the  uutir  «r 

ptM^tiTiur  part  tuataiiiitig  Hc&riielf  1117  piff~ 
mi^nt.     >t  370*    (Hfnle,) 


often  be  seen  to  exhibit  irregular,  shaking  movements  due 
simply  to  vibrations  tmtismitted  to  them  from  the  outside.  Such 
movent  en  t  is  known  as  Brownimt  movanent. 

Instances  of  contractility  are  seen  in  the  following  c^isee  : — - 
I*  The  movementa  of  protoplasm  seen  in  simple  aninml  and 
vegetable  eel  Is ;  in  the  former  wc  have  already  consideretl 
gtreaining,  gliding,  and  amteboid  movement  (yee  p.  13);  in 
the  latter  cjuse  we  have  noted  the  rotatory  movements  of  the 
protoplasm  within  the  cell  wall  in  certain  plants  (see  p*  1 4). 

2,  The  movements  of  pigment  celk.  These  are  well  scon 
under  the  skin  of  such  an  animal  as  the  frog ;  under  the 
influence  of  electricity  and  of  other  stimuli,  especially  of  light, 
the  pigment  granules  are  miissed  together  in  the  body  of  the  cell, 
leaving  the  processes  quite  tmnspareut  (fig.  130}.  If  the  stimulus 
IS  removed  the  granules  gradually  extend  into  the  proceases 
again.  Thus  the  skin  of  the  frog  m  sometimes  uniformly  dusky, 
and  eometiines quite  light  coloured.     The  chamieteon  is  auamma] 
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which  has  become  almoet  proverbial,  eince  it  possesses  the  same 
power  to  a  marked  degree.  This  function  is  a  protective  one;  the 
animal  approximates  in  colour  that  of  its  surroundings,  and  so 
escapes  detection. 

In  the  retina  we  shall  find  a  layer  of  pigment  cells  (fig.  131), 
the  granules  in  which  arc  capable  of  moving  in  the  protoplasm  in 
a  somewhat  similar  way ;  the  normal  stimulus  here  also  is  light. 

3.  Ciliary  movement;  here  we  have  a  much  more  orderly 
movement  which  has  already  been  described  (see  p.  31). 

4.  In  VoVticellce,  a  spiral  thread  of  protoplasm  in  their  stalk 
enables  them  by  contracting  it  to  lower  the  bell  at  the  end  of  the 
sulk. 

5.  In  certain  of  the  higher  plants,  such  as  the  sensitive  and 
carnivorous  plants,  movements  of  the  stalks  and  sensitive  hairs 
of  the  leaves  occur  under  the  influence  of  stimuli. 

6.  Muscular  movement.  This  for  the  student  of  human 
physiology  is  the  most  important  of  the  series;  it  is  by  their 
muscles  that  the  higher  animals  (man  included)  execute  the 
greater  number  of  their  movements. 

If  we  contrast  together  amoeboid,  ciliary  and  muscular  move- 
ment, we  find  that  they  differ  from  each  other  very  considerably. 
Amceboid  movement  can  occur  in  any  part  of  an  amoeboid  cell, 
and  in  any  direction.  Ciliary  and  muscular  movement  are 
limited  to  one  direction  ;  but  they  are  all  essentially  similar, 
consisting  of  the  movement  of  hyaloplasm  in  and  out  of  spongio 
plasm  ;  it  is  the  arrangement  of  the  spongioplasm  that  limits  and 
controls  the  movement  of  the  hyaloplasm  (see  also  p.  91). 

Rhythmkality, — In  some  forms  of  movement  there  is  not  only 
order  in  direction,  but  order  in  time  also.  This  is  seen  in  ciliary 
movement,  and  in  many  involuntary  forms  of  muscular  tissue,  such 
as  that  of  the  heart.  Here  periods  of  contraction  alternate  with 
periods  of  rest,  and  this  occurs  at  regular  intervals.  Under  the 
influence  of  certain  saline  solutions,*  voluntary  muscles  may  be 
made  artificially  to  exhibit  rhythmic  contractions. 

A  familiar  instance  of  rhythmic  movement  in  the  inorganic 
world  is  seen  in  a  water-tnp  nearly  turned  off  but  dripping  ; 
water  accumulates  at  the  nioutli  of  the  tap  till  the  drop  is  big 
enough  to  fall ;  it  falls,  and  the  process  is  repeated.  If,  instead 
of  water,  gum  or  treacle,  or  some  other  viscous  substance  is 
watched  under  similar   circumstances,  the  drops  fall  much  more 


•  Biedermann  8  fluid  has  the  following  composition  : — Sodium  chloride 
5  grammes,  alkaline  sodium  phosphate  2  gr.,  8r)dium  carbonate  0.5  gr., 
water  i  litre.  If  one  end  of  the  sartorius  of  a  curarised  frog  is  dipped  into 
HhiB  Buid,  it  contTacta  rhythmically  in  a  manner  analogous  to  the  befirt. 
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slowly ;  each  drop  has  to  get  bigger  before  it  possesses  enough 
energy  to  fall.  Thus  we  may  get  different  degrees  or  rates  of 
rhythmic  movement.  So  in  the  body,  during  the  period  of  rest, 
the  cilium  or  the  heart  is  accumulating  potential  energy,  till,  as  it 
were,  it  becomes  so  charged  that  it  discharges ;  potential  energy 
is  converted  into  kinetic  energy  or  movement. 

When  contraction  travels  as  a  wave  along  muscular  fibres,  or 
from  one  muscular  fibre  to  another,  the  term  pfrUtains  is 
employed.  These  waves  are  well  seen  in  such  a  muscular  tube  as 
the  intestine,  and  are  instrumental  in  himying  its  contents  along. 
The  heart's  contniction  is  a  similar  but  more  complicated 
peristalsis  occurring  in  a  rhythmic  manner. 

The  physiology'  of  muscle  and  nen-e  furnish  us  with  the  best 
means  of  studying  irritability  and  contractility.  We  shall  have 
to  consider  these  two  tissues  together  to  a  large  extent,  but  must 
confine  our  attention  at  the  outset  to  the  voluntarj*  muscles. 

The  question  may  be  first  asked,  what  evidence  there  is  of 
irritability  in  muscle  1  May  not  the  irritability  be  a  property  of 
the  nen-e-fibres  which  are  distributed  throughout  the  muscle  and 
terminate  in  its  fibres  ?  The  doctrine  of  independent  muscular 
irritability  was  enunciate<i  by  Haller  more  than  a  century  ago,  and 
was  afterwards  keenly  debated.  It  was  finally  settled  by  an 
experiment  of  Claude  Bernard  which  can  be  easily  repeated  by 
every  student. 

If  a  frog  is  taken  and  its  brain  destroyed  by  pithing,  it  loses 
consciousness  but  the  circulation  goes  on,  and  the  tissues  of  its 
body  retain  their  vitality  for  a  considera]>le  time.  If  now  a  few 
drops  of  a  solution  of  curare,  the  Indian  arrow  jK)ison,  are  injected 
with  a  small  syringe  under  the  skin  of  its  back,  it  loses  in  a  few 
minutes  all  [)owcr  of  niovonient.  If  next  the  sciatic  or  any  other 
nerve  goin^  to  muscle  is  dissected  out  and  stimulated,  no 
movement  occurs  in  the  muscles  to  which  it  is  distributed. 
Curare  j)anilysos  the  motor  end-platos,  so  that  for  all  practical 
puriK)ses  tlie  muscles  are  nerveless  ;  or  rather  ncr\'0U8  impulses 
cannot  get  past  the  end-plates  and  cause  any  efiect  on  the 
muscles.  iUit  if  the  nniscles  are  stinnilated  themselves  they 
contract. 

Another  proof  that  muscle  possesses  inherent  irritability  was 
adduced  by  Kiihne.  In  part  of  some  of  the  frojx's  nniscles  {e.(/.  part 
r)f  the  sartorius)  there  are  no  nerves  at  all  ;  yet  they  are  irritable 
and  contract  when  stinnilate<l. 

The  evidence  of  the  slatemcnt  just  made  that  the  poisonous 
effect  of  curare  is  on  the  end-platcs  is  the  following  : — The 
experiment   described    proves    it    is    not   the    muscles  that   Bire 
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pandjaed.  It  must  therefore  be  either  the  nerves,  or  the  links 
between  the  nerve-fibres  and  the  muscular  fibres.  By  a  process 
of  exclusion  we  arrive  at  the  conclusion  that  it  is  these  links, 
for  the  following  experiment  shows  it  is  not  the  nerves.  The 
frog  is  pithed  as  before,  and  then  one  of  its  legs  is  tightly 
ligatured  so  as  to  include  every  tiling  except  the  sciatic  nerve  of 
that  leg.  Curare  is  injected  and  soon  spreads  by  the  circulating 
blood  all  over  the  body  except  to  the  leg  protected  by  the 
ligature.  It  can  get  to  the  sciatic  nerve  of  that  leg  because  that 
was  not  tied  in  with  the  rest.  Tlie  sciatic  nerve  of  the  other  leg 
is  now  dissected  out ;  when  the  muscles  supplied  by  it  cease  to 
contract  when  the  nerve  is  stimulated,  the  frog  may  be  considered 
to  be  fully  under  the  influence  of  the  drug.  But  on  stimulating 
the  sciatic  nerve  of  the  protected  limb,  the  muscles  respond 
normally  ;  this  shows  that  the  nerve  which  has  been  exposed  to 
the  action  of  the  poison  has  not  been  affected  by  it. 


Varieties  of  StimiQi. 

The  normal  stimulus  that  leads  to  muscular  contraction  is  a 
nervous  impulse ;  this  is  converted  into  a  muscular  impulse 
(visible  as  a  contraction)  at 
the  end-plates.  This  nervous 
impulse  starts  at  the  nerve- 
centre,  brain  or  spinal  cord, 
and  travels  down  the  nerve 
to  the  muscle.  In  a  reflex 
action  tlie  nervous  impulse 
in  the  nerve-centre  is  started 
by  a  sensory  impulse  from 
the  periphery  ;  thus  when 
one  puts  one's  hand  on  some- 
thing unpleasantly  hot,  the  hand  is  removed  ;  the  hot  substance 
causes  a  nervous  impulse  to  travel  to  the  brain,  and  the  brain 
reflects  down  to  the  muscles  of  the  hand  another  impulse  by  the 
motor-nerves  which  causes  the  nuiscles  to  contract  in  such  a 
manner  as  to  move  the  hand  out  of  the  way. 

But  the  details  of  muscular  contraction  can  be  more  readily 
studied  in  muscles  removed  from  the  body  of  such  an  animal 
as  the  frog,  and  made  to  contract  by  artificial  stimuli.  When  we 
}\ave  considered  these,  we  ciin  return  to  the  lessons  thoy  teach  us 
about  the  normal  contractions  in  our  own  bodies. 

The  first  thing  to  do  is  to  make  froni  a  pithed  frog  a 
muscle-nerve    prejxirati/jn  ;   the    muscle    usually  selected    is    the 
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gastrocnemius,  the  large  muscle  of  the  calf  of  the  leg,  with  the 
sciatic  nerve  attached.  For  some  experiments  the  sartorius  or 
gracilis  may  be  used ;  but  nearly  all  can  be  demonstrated'  on  the 
gastrocnemius. 

The  tendon  of  the  gastrocnemius  may  be  tied  to  a  lever 
with  a  flag  at  the  end  of  it,  and  thus  its  contraetioos  rendered 
more  evident ;  the  bone  at  the  other  end  is  fixed  in  a  damp. 
Stimuli  may  be  applied  either  to  the  nerve  or  to  the  muscle.  If 
the  stimulus  is  a[)plied  to  the  nerve,  it  is  called  indirtct 
stimulation  ;  the  stimulus  starts  a  nervous  impulse  which  travels 
to  the  muscle;  the  muscle  is  thus  stimulated  as  it  is  in  voluntary 
contraction  by  a  nervous  impulse.  Stimulation  of  the  muscle 
itself  is  called  direct  stiviulation.     These  stimuli  may  be  : 

1.  Mechanical  ;  for  instance  a  pinch  or  blow. 

2.  Chemical ;  for  instance  salt  or  acid  sprinkled  on  the  nenre 
or  muscle. 

3.  Thermal ;  for  instance  touching  the  nerve  or  muscle  with 
a  hot  wire. 

4.  Klcctrical ;  the  constant  or  the  induced  current  may  be 
used. 

In  all  cases  the  result  of  the  stimulation  is  a  muscular 
contraction.  Of  all  methods  of  artificial  stimulation,  the  electrical 
is  the  one  most  generally  employed,  because  it  is  more  under 
control  and  the  strength  and  duration  of  the  stimuli  (shocks)  can 
be  regulated  easily.  We  shall  therefore  have  to  study  some 
electrical  apparatus. 

Chemical  stimuli  are  peculiar,  for  some  which  affect  muscle  do 
not  affect  nerve,  and  vice  veisd ;  thus  glycerine  stimulates  nerve, 
but  not  niusclo ;  anunoniu  stimiilat<3s  muscle,  but  not  motor 
nerves. 

Wo  may  regard  stimuli  as  liberators  of  energy;  muscle  and 
nerve  and  otlier  irritiible  structures  undergo  disturbances  in 
conse<iuence  uf  a  stiniuhis.  The  disturbance  is  some  form  of 
movement,  visible  movement  in  the  case  of  muscle,  molecular 
movement  in  the  case  of  nerve.  A  stimulus  may  be  regarded  as 
added  motion.  Sir  William  (luwrrs  compares  it  to  the  blow  that 
causes  dynamite  to  explode,  or  the  nuatch  applied  to  a  train  of 
gunpijwder.  A  very  slight  blow  will  explode  a  large  quantity  of 
dynamite  ;  a  very  small  spark  will  fire  a  long  train  of  gunpowder. 
So  in  muscle  or  nerve  the  etiect  is  often  out  of  all  proportion  to 
the  strength  of  the  stimulus  ;  a  light  t(^uch  on  the  surface  of 
the  body  may  elicit  very  foroil>le  nervous  and  muscular  disturb- 
ances ;  and  moreover,  the  effect  of  the  stimulus  is  propagated 
along  the  nerve  or  muscle  without  loss. 
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CHAPTER    IX. 

CONTRACTION    OF    MUSCLE. 

Muscle  undergoes  many  changes  when  it  contracts;  they 
may  be  enumerated  under  the  following  five  heads : — 

1.  Changes  in  form. 

2.  Changes  in  extensibility  and  elasticity. 

3.  Changes  in  temperature. 

4.  Changes  in  electrical  condition. 

5.  Chemical  changes. 

In  brief,  each  of  these  changes  is  as  follows  : — 

1 .  Changes  in  form. — The  muscle  becomes  shorter,  and  at  the 
game  time  thicker.  The  amount  of  shortening  varies  so  that  the 
length  of  the  muscle  when  contracted  is  from  65  to  85  per  cent, 
of  what  it  was  originally.  Up  to  a  certain  point,  increase  of  the 
strength  of  the  stimulus  increases  the  amount  of  contraction. 
Fatigue  diminishes  and  up  to  about  33°  C.  the  application  of  heat 
increases  the  amount  of  contraction.  Beyond  this  temperature 
the  muscular  substance  begins  to  be  permanently  contracted, 
and  a  condition  called  heat  rigor^  due  to  coagulation  of  the 
muscle  proteids,  sets  in  a  little  over  40°  C 

What  the  muscle  loses  in  length  it  gains  in  width  ;  there  is 
no  appreciable  change  of  volume. 

Among  the  changes  in  form  must  also  be  mentioned  those 
changes  in  the  individual  muscular  fibres  which  require  a 
microscope  for  their  investigation ;  these  have  been  already 
considered  (see  p.  90). 

2.  Changes  in  elasticity  and  extensibility. — The  contracted 
muscle  is  more  stretched  by  a  weight  in  proportion  to  its  length 
than  an  uncontracted  muscle  with  the  same  weight  applied  to  it; 
the  extensibility  of  contracted  muscle  is  increased ;  its  elasticity 
is  diminished. 

3.  Changes  in  temperature. — When  muscle  is  at  work  or 
contracting,  more  energetic  chemical  changes  are  occurring  than 
when  it  is  at  rest ;  more  heat  is  produced  and  its  temperature 
rises. 

4.  Changes  in  electrkal  coiulition. — A  contracted  muscle  is 
electrically  negative  to  an  uncontracted  muscle. 

5.  Chemical  changes, — These  consist  in  an  increased  consinnp- 
tion  of  oxygen,  and  an  increased  output  of  wtiste  materials  snch  as 
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carbonic  acid,  and  sarco-lactic  acid.     After  prolonged  oontractioD 
the  mnscle  consequently  acquires  an  acid  reaction. 

These  five   sets   of   changes    will    fonn    the   subjects  of  the 
following  five  chapters. 


CHAPTER  X. 

CHANGE  IN  FORM  IN  A  MUSCLE  WHEN  IT  CONTRACTS. 

Tuouoii  it  has  been  known  since  the  time  of  Erasistratus 
(b.c.  304)  that  a  muscle  becomes  thicker  and  shorter  when  it 
contracts,  it  was  not  until  the  invention  of  the  graphic  method 
by  Ludwig  and  Ilehnholtz,  about  fifty  years  ago,  that  we  po»- 
aessed  any  accurate  knowledge  of  this  change.  The  main  fact 
just  stilted  may  be  seen  by  simply  looking  at  a  contracting 
muscle,  such  as  the  biceps  of  one's  own  arm ;  but  more  elaborate 
apparatus  is  necessary  for  studying  the  various  phases  in  contrac- 
tion and  the  different  kinds  of  contniction  that  may  occur. 

These  may  be  readily  demonstrated  on  the  ordinary  muscle- 
nerve  preparation  (gjistrocnemius  and  sciatic  nerve)  from  a  frog. 
Vty  the  graphic  method,  one  means  that  the  movement  is  re- 
coixled  by  a  writing.  We  shall  find  that  the  same  method  is 
applied  to  the  heart's  movements,  respiratory  movements,  blood 
pressure,  and  many  other  important  problems  in  physiology.  The 
s[)ecial  branch  of  the  graphic  method  we  have  now  to  study  is 
called  riuintjrajihy ;  the  instrument  for  writing  is  called  a  myo- 
(jraith  ;  the  writin;^  itself  is  chilled  a  nii/oijnnn.  Put  briefly,  a 
myograph  consists  of  a  writing  j)oint  at  the  end  of  a  lever 
attadicil  to  the  muscle,  and  a  writing  surface  which  travels  at  a 
uniform   rale,  on  wliich  the  writing  iM.)int  inscrihes  its  movement. 

Tiic  first  thing,  however,  that  is  \\ante<l  is  something  to  stimu- 
late tlic  nuiscle  and  make  it  contract;  the  stimulus  is  usually 
applied  to  the  nerve,  and  the  form  of  stimulus  most  frequently 
em])loyed  is  electrical. 

The  galvanic  ))attery  in  most  connnon  use  is  the  Danidl  cell. 
It  consists  of  a  well-amalgamated  zinc  nnl  immcrse<l  in  a  cylinder 
of  porous  earthenware  containing  10  per  cent,  sulphuric  acid; 
this  is  contained  within  a  copper  vessel  (rej)resented  as  trans- 
])arent  for  di.'igranunatic  purposes  in  fig.  133)  filled  with  saturated 
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aolntion  of  copper  sulphate.     Each  metal   ba&  a  bimiiiig  eerew 

JittJM?hcd  to  it,  to  which  wires  can  be  fastened.     The  zinc  rod  ia 

oidled  the  j^fjgitivtf  fiafirftt,  the  copper  the  negative  ttawffiU     The 

distal  ends  of  the  wirea  Attachcti  to 

Uie»e  arc  called  j>qIu  or  rkHnnhj^^ 

aad  the  pair  of  electrodes  may  be 

©dnTcaientlj  htild  in  a  special  form 

of  holder.       The  electrode  attached 

to    the    |iositive    element   (zinc)    is 

called  tlie  tiegath^  pok  or  kaihmlt; 

that  attached  to  the  negative  ele^ 

mctit  (oopper)  is  called  tlio  pomtlm 

pol^  or  an<id4.     If  now  the  two  eke- 

litides    are  connected   together,  an 

electrical,  galvanic  or  cmistant  cur- 

RMit  flows  from  the  capper  to  the 

EIQC  outside  the  Imtterj,  and  from 

the  jdno  to  the  copper  through  the 

fiuida  of  the   battery ;  if  the  elec- 

tiodee  are  not  cc»nnected  the  circle  is  broken,  and  no  current  can 

flow  at  alb     If  now  a  uerre  or  niuscle  is   laid   acroes  the  two 


Fig,  IJ3,— Dliigimja  of  9.  D»iil«ll'« 


li,  Mfitiifj  Key. 

electrodes  the  circuit  is  completed, 

and  it  will  be  noticed  at  the  moment 

of  completion  of  the  circuit  the  muscle 

Ee^uod *  Kyy.  enters  juto  contraction;  if  the  muscle 

is  lifted  oft'  the  electrodes,  another 

contraction  occurs  at  the  moment  the  circuit  is  broken.    The  same 

thing  is  dous  more  conveniently  bj  means  of  a  key:   fig.  134 

11.P 


114 


INSTRUMENTS. 


[CH.  X. 


represents  two  common  forms  of  key.  A  key  is  a  piece  of 
apparatus  by  which  the  current  can  be  allowed  to  pass  or  not 
through  the  nerve  or  muscle  laid  on  the  electrodes.  When  the 
key  is  open  the  current  is  broken,  as  in  the  next  figure  (fig.  135); 
when  it  is  closed  the  current  is  allowed  to  pass.  The  opening  of 
the  key  is  called  break ;  the  closing  of  the  key  is  called  maJke,  A 
contraction  occurs  only  at  make  and  break,  not  while  the  current 
is  quietly  traversing  the  ner\'e  or  muscle. 


Fig.  X35. 

But  it  will  be  seen  in  the  Du  Bois  lieymond  key  (fig.  134)  that 
there  arc  four  binding  screws.  This  key  is  used  as  a  bridge  oriAorf 
circuit intj  kci/y  and  for  many  reasons  this  is  the  best  way  to  use 
it.  The  next  di«igram  (fig.  136)  represents  this  diagrammatically. 
The  two  wires  from  the  battery  go  one  to  each  side  of  the  key ; 
the  olectrodes  come  off  one  from  each  side  of  the  key.     When  the 


Fig.  ij6. 

key  is  oi)en  no  current  C4in  get  across  it,  and  therefore  all  the 
current  has  to  go  to  the  electrodes  with  the  nerve  resting  on 
then\ ;  but  when  the  key  is  closed,  the  current  is  cut  off  from  the 
nerve,  as  then  practically  all  of  it  goes  by  the  metal  bridge,  or 
short  cut,  back  to  the  battery.  Theoretically  a  small  amount  of 
current  jrocs  through  the  nerve  ;  but  the  resiKtance  of  animal 
tissues  to  electrical  currents  is  enonnous  tis  compared  to  that  of 
metal,  and  the  amount  of  electricity  that  flows  through  a  conductor 
is  inversely  pn)i)ortional  to  the  resistance  ;  the  resistance  in  the 
metal  bridge  is  so  small  that  for  all  practical  puqxwes,  all  the 
current  passes  through  it. 

Another  fonn  of  electrical  stimulus  is  the  i/ohiced  current^  pro- 
duced in  an  induction  coil. 

In  a  battery  of  which  the  metjvls  are  connected  by  a  wire, 
we  have  seen   that   the   current   in   the  wire  travels  from  the 
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copper  to  the  ziao  •  if  w^  have  a  key  on  the  course  of  thia  wire 
the  current  c*ii  be  inad^  or  broken  at  wilL  If  in  the  neighbour- 
hood of  tliis  wire  we  have  a  socoud  wire  forming  a  complete 
circle,  nothing  wliatover  occurs  in  it  while  the  current  is  flowing 
through  tbe  first  i\  ire*  but  at  tlie  instjint  of  making  or  breaking 
the  cum^ot  in  the  ^rst  or  /friman/  wrre^  a  momentary  electrical 
cttrrent  ocoura  in  the  secoiufar^  wire^  which  iij  called  an  indut^ed 
corrent ;  a«d  if  the  $ecM>iidnry  wire  U  tiot  a  cumplete  circle,  but 
tia  two  ends  arc  connecter!  by  a  nerve,  thiii  induction  shock  tra- 
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verges  tlie  nerve  and  st]mulate«  it ;  this  ciiufies  a  ner\^ous  impnlse 
I  to  tmvel  to  the  muscle^  whicli  in  consequence  contracts. 

If  the  first  atid  second  wires  are  culM  inajiy  tiniesj  the  eflcct 
i«  increased,  because  each  turn  of  the  primary  cinl  nets  iiidtic- 
ti%^ely  on  each  turn  of  the  secondary  coiL 

The  direction  of  the  current  induced  in  the  secondary  coil  ia 
lb©  same  as  that  of  the  current  in  the  primary  coil  at  the  break  ; 
IP  the  opposit^c  direction  at  the  make.  The  nearer  the  secondaiy 
eoil  tfl  to  the  primary  the  stmoger  are  the  currents  influreH  in 
the  former. 

Flg»  137  represents  the  Du  Boia  BejTnond  coilj  the  one  gene- 
mlly  employed  in  phymological  ex  peri  men  ts,  c  is  the  primary 
ooil,  and  d  and  1/  its  two  endn,  w  hit:h  are  attached  to  the  Imttery, 
1  key  being  interposed  for  making  and  breaking  ;  g  is  the  secon-' 
daiy  coil,  the  two  terminals  of  which  are  at  ita  far  end  ;  to  thet-e 
the  electrodes  to  the  nerve  arc  attached  ;    the  distance  between 
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the  two  csoils,  and  so  the  strength  of  the  induction  c arrests, 
be  varied  at  will.  It  is  only  when  the  primary  current  18  m 
oir  broken,  or  its  intemity  iucreaaed  or  cji  minis  bed,  that  iDduetioti 
shocks  occur  in  the  secondary  circuit  which  stimulate  the  nerve. 
When  one  wishes  to  produce  a  rapid  suece^ion  of  make  and 
break  shocks  the  automatic  iuterrupter  or  Wagner's  hammer  seen 
at  the  right-hand  end  of  the  diagram  is  included  in  the  circuit. 

The  ueit  thing  to  be  noticed  is  that  the  break  effects  are 
stronger  than  the  make  effects  ;  this  is  easily  felt  by  placing  tlie 
electrodes  on  the  tongue.  This  is  due  to  what  is  called  Faraday's 
eitra  current.  This  is  a  current  produced  in  the  primary  coil  by 
the  inductive  influence  of  contiguous  turns  of  that  wire  on  each 
other  ;  its  direction  is  against  that  of  the  battery  current  at 
make,  and  eo  the  make  shock  is  lessened.  At  the  break  the 
ejctra  current  ia  of  such  short  duration  (because  when  *the  circuit 
is  broken  there  can  be  no  current  at  an)'that  for  all  practical  pur- 
poses it  may  be  considered  as  non-existent. 

The  same  difference  of  strength  occurs  alternately  in  thfl 
repeated  shocks  produced  by  Wagtier  s  hammer.  Helmholtz, 
ob%iate  this,  introduced  a  mcHlifi cation  now  known  after  him. 
oonaists  in  bridging  the  current  by  a  side  wirci  so  that  thdf 
current  never  entirely  ceases  m  the  primaiy  coil,  but  is  alter 
nately  strengthened  and  weakenea  by  the  rise  and  fall  of  the^ 
hammer;  the  strengthening  corresponds  to  the  ordinary  make, 
and  is  weakened  by  the  make  extra  current^  which  oecuiB  in 
the  opffosite  direction  to  the  battery  current ;  the  break  is  also 
incomplete,  and  so  it  is  weakened  by  the  break  extra  current, 
which  being  in  the  same  direction  as  the  battery  current  impedes 
its  disappearance* 

The  two  next  diagrams  show  the  way  the  interrupter  acta.  We 
are  gupj^osed  to  be  looking  at  the  end  of  the  primary  coil  j  the 
battery  wires  are  attached  to  the  binding  screws  A  and  E  (fig. 
138).  The  current  now  passes  to  the  priniary  coil  by  the  pillar 
on  the  left  and  tlie  spring  or  handle  of  the  hammer  as  far  as  the] 
screw  (C) ;  after  going  round  the  primary  coil,  one  turn  only  of ' 
which  is  seen,  it  twists  round  a  pillar  of  soft  iron  on  the  right* 
hand  side,  and  then  to  the  screw  IC  and  back  to  the  battery  ; 
the  result  of  a  current  going  around  a  bar  of  soft  iron  is  to 
make  it  a  magnet,  so  it  Attracts  the  hammer,  and  draws  the 
spring  away  from  the  top  screw  C,  and  thus  breaks  the  current ; 
the  current  ceases^  the  soft  iron  is  no  longer  a  magnet^  so  it 
releases  the  hammer  and  contact  is  restoretl  by  the  spring ;  then 
the  same  thing  starts  over  again,  and  so  a  succession  of  break 
and  make  shocks  occurs  alternately  and  automatically. 


OH.  X.] 
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In  Helmholts'  modification  (fig.  139)  the  battery  wires  are 
connected  as  before.  The  interrupter  is  bridged  by  a  wire  from 
B  to  C  (also  shown  in  fig.  137,  «).  C  is  raised  out  of  reach,  and 
the  lower  screw  F  is  brought  within  reach  of  the  spring.     Owing 


Fig.  ij- 


to  the  wire  BC,  the  vibration  of   the   hamaner   never   entirely 
hieaks  the  current. 

Instead  of  Wagner's  hammer  a  long  vibrating  reed  constructed 
00  the  same  principle  is  often  used.     This  has  the  advantage 


Fig.  139. 


ih.it  the  rate  of  vibmtiou  can  be  varied  at  will  by  means  of  a 
sliding  clamp  which  fixes  the  reed  so  that  different  lengths  of  it 
can  be  made  to  vibrate.  If  a  long  piece  of  reed  vibrates,  it 
does  80  slowly,  and  thus  successive  induction  shocks  at  long 
intervals  can  be  sent  into  the  nerve.      But   if  one   wishes   to 
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stimulate  a   uerve  irtore  rapidly,  tlie   length  of  reed  allowfld  U} 
vibrate  can  be  hbortuiicd. 

In  Ewald'^  modiftLMtioiL  of  tlic  coil  there  is  another  Bimpk  method 
of  modifyiuj^  tbe  nitu  of  the  lutermpter.  But  an  hour  gpent 
in  the  laborutory  with  nil  in<lucliou  coil  and  cell  will   teach  tk 


Fig.  140. -Myoffinpli  i>f  vnn  ftt  Inihfjlti,  fi1iiiiA-n  iu  nil    inimppl^e  form. 
holdintr  Imif'p*  f+'iimi  ;   h,  ^niiitnvni  mifiH  \   *-,  t*f  iiiUc  nwre ;   rf ,  1 


student   m\w]\  niorc  cai^ily  ivll   tbettc  facts  than  any  amount  of 

reading  and  descrijition. 

;^We  can  pass  now  to  the  myograph.    There  are  many  dif!6rent 

forms   of  this   instrument,      l^'ig.    140   shows  Helmholtz'   iustni- 

ment. 

Tlie  bony  origin  of  tlic  gastrocnemius  is  held  firmly  by  forceps, 
and  the  tondo  Achillis  tied  to  a  weighted  lever;  the  end  of  the 
lever  is  provi<led  with  a  writing-jxMnt  such  as  a  piece  of  pointed 
parchment  ;  when  the  muscle  contracts  it  pulls  the  lever  up,  and 
this  movement  is  magnified  at  the  end  of  the  lever.  The  writing- 
})()int  scratches  on  a  j)icce  of  glazed  paper  covered  with  a  layer  of 
soot ;  the  paper  is  wni])ped  n)und  a  cylinder.  When  the  lever 
goon  up  the  wriling-i)oint  w\\\  mark  aw  \\\v%Vt^^*,  NtVysoL  V(»^ai!&ak^ 


iiyooRArHs. 

will  mark  a  down-stn^ke,  and  if  the  cylinder  ib  travelling, 
the  down-stroke  VkUl  be  Mrritten  oa  a  dift'erent  part  of  the  paper 
ihan  the   iip-struke ;  thuM  a  muscle  oiirye  or  myogram  ih  ob- 

JUDod.,  The  paiJcrr  uiaj  tlien  be  retnoved,  vamisbed,  and  pre-sen^ed. 

^PFlg«.  141  libows  A  somewhat  d  life  rent  arraDgemenL 

The  muscle  h  fixed   horizontally   ou  a  piece  of  cork  B,  oue 
end  iKjLug  fixed  by  a  pin  tJiruflt  through  the  knee-joint  into  the 


f%-  141,— AiTaJigvfii«iii  of  the  BppKmtUB  uetfesHar^  f ar  rgicurdtiig  mtisele  caatrwfitifmB  with 
i.  tevQlvlng  ejlioder  aurryinfl^  smokitHl  |Hpcr.  A^  rprolTmij^  cylmder ;  B,  the  musd^ 
smnpNl  iipf*a  n  ctirk-«fTeared  board  whicn  in  oipaTilt}  of  butrig  minod  or  lowered  mi  the 
larpngbt,  which  il1»u  am  be  mavfld  aiaa^  h  solid  trJHiLeriil&r  bar  ol  mH^l  Btturhi^d  tn  the 
tuMeofthie  recindiiiK  «ptttzmta»— the  teadQU  of  th«  futro«nomJU]<  ie  ffcttacJiGNi  t<»  the 
wrltiim-  Xvwr,  peopi^Tly  weighted,  hf  a  lij^mtufe.  The  electnid^  fmm  the  mwofwJjwy  o*iil 
pttM  i*>  tJi*  tudtvfr— >^4ii*rt  fi'i  the  mk*?^  of  ^onwoiemep^  fli»t  of  ttU  brotiirht  to  &  Hnart* 
cin-uitine  kry^  D  (Du  Bob  Rcyniond'ei  ;  €,  the  induction  coii ;  F,  tho  b^tterr  (in  this 
%.  A  liivTijiifiaiitE^  uhp^  j;  £«  the  kef  (Mohm's]  Id  the  pdinarf  ^u^fuii, 

cork;  the  tondo  AciiilKs  is  tied  to  a  weighted  lever:  the  lever 
is  io  aminged  that  it  rests  on  a  serew  till  t!ie  mimcle  Wgins  to 
contract;  the  rausele  therefore  does  not  feel  the  weight  till  it 
begtDB  to  contract,  and  gives  a  better  contraction  than  if  it  had 
l)cen  previously  strained  by  the  weight.    Thie  arrongemeut  is  called 
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few. 


The  writhig  surface  is  again  a  travylliiig  cyliDder  ttghtljr 
covered  with  sm'jkod  glared  paper.  The  reat  of  the  apparHtui 
shows  how  cell,  coil,  keys,  aud  electrodes  are  applied  with  tlie 
object  of  stitiiulatiug  the  nerve. 

The  key  E  makes  and  hreaka  the  priumry  circuit,  Ijut  the 
effect  is  only  felt  by  the  muscle- nerve  preparation  when  the 
Bhort*circuiting  key  1)  in  the  aecoudary  circuit  m  opened. 

Instead  of  the  key  E  it  is  better  to   have  what  is  called  &^ 
**  kick-over  '^  key  which  the  cylinder  by  meaii«  of  a  bar  projectiiig 


from  it  kncwka  over  and  so  breaks  the  primary  circuit  during 
course  of  a  revolution*     The  exact  position  of  the   wnting^poi 
at  the  moment  of  breaks  that  is  the  moment  of  excitation, 
tlien  be  marked  ou  the  blackened  paper. 

Besides  the  tm veiling  cylinder  there  are  other  forms  of  writfc^^^^^ 
surface*  Thus  fig.  142  represents  the  sprinfj  wi/o^mph  of  IZ^^'* 
Bois  Iteymond,  Here  a  blackened  glass  plate  is  shot  along  fc^^? 
the  recoil  of  a  spring  ;  as  it  travels  it  kicks  over  a  key,  atuht^^^® 
result  of  this,  the  muscular  contraction,  m  written  on  the  plate.    — ^ 

The  pmdttlum  mjfOfpttph  {fi^*  143)  is  anorfier  form.     Here  if 
movement  of  the  pendulum  along  a  certiiin  arc  is  ssuhstitutecl  f- 
the  clockwork  of  the  cylinder^  or  the  spring  of  Du  Boia  ReymoiL 
The    pendulum  carries  a    smoked  glass  plate   up>n  which 
writing*point  of  the  uiuecle  lever  is   made  to  mark.     The 
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ilioclt  U  mm  into  the  muscle-nerve  prepamtion  by  the  jjendiiJiim 
in  Its  swing  Q{.ienmg  a  key  in  the  prinmry  cireuit.  This  is  «hown 
in  i«i  enlargLHl  fwrnle  in  BC  (H^,  143)- 


Flg.  I4|.— t^implB  fcitta  of  p^nilulum  myitgrip^  Dind  occiespcit^  portn.    A^  pivot  upoti  which 

p»ji«lLiliiro  -^iiTiiM    /■.  rrdi  1j    Kia  ]-)wt:r  tnd  *.jf  mrfj^raph  openiiig  the  kaj^  }\  in  ito 

iiivi  mri^gmph,  oa  mdicALcd  bir  dotttKl  lines,  ULd 

h  the  penduJnui  «wjii^  Alonf^  the  arc  to  i>  on  tb» 


i%.  141.— MutBt  CliHiubet. 


i 
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To  keep  the  preparation  fresh  during  an  expentnent,  it  should 

be  covered  witli  a  glas8  shade,  the  air  ijf  which  is  kept  moifit  bjr 
menus  of  wet  bh.»tting  jvij^wjr,  A  somewhat  ehiljcDmte  form  of 
m*jUt  ehm/i6irt*  is  ^liown  in  tig,  1 44. 

The  last  piece  of  appamttia  neceMSJiry  ie  a  time- marker,  so  that 
the  events  reeortied  tu  the  ryyograin  cau  l>e  timed.  The  simplest* 
time-marker  is  a  tmiiiig'fork  vibrating  100  times  a  aecouti  Thie 
is  struck^  iiud  hj  mi/aus  of  a  writiiig-poiot  fijced  on  to  one  of 
the  prongy  of  the  fork,  these  vibratioua  may  be  written  beneath 
the  myogram.  More  elaborate  forms  of  electrical  time- markers 
or  chronogrttphs  are  frequently  employed. 


I 


The  Simple  Muscle  dure. 

W0  can  now  pass  on  to  result^^    and  study  fii^t    the  result 
of  a    single  induction  shock  tipon   a    muscle-nerve   prepamtion. 


A  single  momentary  stimulation  causes  a  single  or  iimpie  muM- 
cular  eoHtritcfion,  or  as  it  is  often  ealled  a  iiPitcL  The  graphic 
record  of  such  a  coutractioji  is  called  the  mnplr  mnscie  a#rt^- 
One  of  these  is  showu  in  the  preceilJug  figure  {fig,  145). 

The  upper  line  {m)  rei>rcsetit8  the  curvt*  tracinl  by  the  end  af 
t!ie  lever  in  connection  with  a  inusele  after  fitimulatiou  of  thi? 
nmsele  by  a  single  induction  shock  :  the  middtc-ltnii  (/)  is  ih&t' 
descril>cd  by  a  lever,  which  indicates  by  a  sudden  drop  tlie  escact^ 
instant  at  which  I  lie  inductir*n-Hhmk  m  given*  The  lower  wavy 
line  (t)  h  traced  by  a  tuning-fork  vibrating  200  times  a  seeond* 
aud  serves  to  measure  precisely  the  time  occupied  in  each  part  o^ 
the  contractiotu 
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1 1  will  be  observed  that  tifter  the  stimtiltts  has  been  applied 

icAtt-'d  by  the  Yi*rtic3il  line  ^,  there  in  an  interval  before  tlie 
otioD  cciuuneiiLTH,  na  indicated  by  the  line  e,  Thia  int-enral 
tcnneci  («.)  ihi-  latetit  period^  whtn  im*aaured  bj  the  number  of 
vibnitinjiH  t>f  the  iuuhv^'Ujvk  bot\vei.!ii  lIr*  lines  s  and  r,  ia  found  lu 
Ims  iib<»nt  n\^|See*  Dudug  tbo  latent  period  there  is  uo  apjKirenf 
ehiinge  in  the  muacle. 

The  second  piul  is  the  (1*)  stage  of  contraotion  proper.  The 
lever  iis  raised  by  the  contniction  of  the  muscle,  llie  eontractiotx 
In  jit  first  very  rapid,  but  then  profj^resses  more  slowly  to  its 
maximiini,  indiculed  by  the  line  mj\  draMo  throuij^h  its  highest 
fjoiiiL  It  oecupica  in  the  figure  ^^tf^jSee.  (e)  The  next  Htagfij 
ata^e  of  eloogation.  After  reaeliing  its  highest  jx^int,  the  lever 
U^ina  to  deeeend.  in  eonBociuenc-e  of  the  elongation  of  the  muacle. 
At  fi r&t  the  fall  ta  rapid,  but  then  bee^meB  more  gmdiml  until 
tlic  lever  reaches  tlie  alntcts»a  or  buse  line,  ttnd  the  muucle  attains 
its  prc-contraetioii  length,  indicated  in  the  figure  by  the  lino  c. 
The  »ta|*e  occupies  5,\*,^«eeon<L  Very  often  after  the  main  eon- 
traftion  the  icver  risers  once  or  twice  to  ji  sliglit  degree*  |>roducin^' 
stiiftll  uunres  (as  in  fig,  147)*  The^c  contraetlons,  due  to  the 
ehwtieity  of  the  tnuuele,  constitute  the  (tf)  Stago  of  elastic  after- 
Tibmtion,  or  eoutraetion  renminder. 

Tlie  whole  ei>ntmL*tion  0{!cnptes  about  j-'tj  of  a  second.  With 
leg&rd  to  the  latent  perio^l,  it  i^houKl  be  pt)inted  out  that  if  the 
inujsele  i»  stimuhittKl  indirectly,  ie.^  through  its  nerve,  sunie  of  the 
apparent  lost  time  ia  oecupjc*!  in  the  profxtgatiou  of  the  nervons 
impulse  along  tlie  iiervc.  To  obtain  the  tnie  latent  periwig  this 
must  be  deduetcd.  Then  there  h  generally  latency  in  the 
&p|)firatni^  frietitm  of  the  levers  tte.^  to  be  taken  into  account. 
Tins  can  be  got  rid  of  by  photographing  the  contmcUiig  musi^le, 
OR  a  sensitive  photographic  plate  travelling  at  an  Jiecurat^ly- 
timetl  mte.  By  Bueh  mcau8  it  m  found  that  the  true  latent 
pet'igd  \»  much  short lt  than  was  foniierly  ttupfxmed.  It  in  only 
vhy  <^f  a  aeeowd.     In  re^l  mnsclas  it  is  longer. 


We  nnw  «)mc  in  the  mtlon  of  vnrioui  factors  ia  modifying  the  chafiieter 

OT  tbc  91  p vmI  "  ni  I  ]  ^ . '  ]  t r  cti  I've* 

»  I.  /#»/^  rmfrh  ttf  ftfhntiht4t,-'\  miniioftl  stiraalug  ig  ibat  vrbieb 

ftjTisfsh.  .  II  to  ijitro  »  c^mimetiun.     If  the  stffrifjtiMif  sH mains  is 

1  lit'  ;;m<JUMt  ttf  amtrAVJvm  bjh  mfmsun-rl  by  the  lii^ij^ht  nt  (he  rurvo 
'  il,  iiTitil  a  c»?Hi*iri    |KMirt  ih  roach*.Hl  (maitimH!   stimulus),  bt*>*mni 
'^mcn  uu  rttri.'*?  In  Mm  fitimithts  pro  I  aces  iiu  ia'.Tca^c  ia  tbe  atnoatji   of  con- 
toeliffti.     The  Intent  perioil  i^  sijoptcr  wiih  a  strung  than  witji  n  weak 
iStmiilui, 

a.  Injfvmre  fflmd. — U|>  to  A  certAin  point  incteaae  of  lojul  increaaea  the 
miaiint  OJ  ooa  traction,  bevy  ad  wliicb  it  diminishis,  until   at  l^uit  a  wd^ht 
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ts  fea<3hed  which  the  mimt^hi  i&  unable  to  lift.,     The  Intetit  period  It 
whAt  longer  with  a  iitvavy  load  than  with  a  light  eoe. 

3,  Injinrme  of/atiffn^.—Thh  can  be  very  well  illustrated  by  letting  the 
muscle  write  a  cutvq  with  eirery  revolution  of  thi*  cylinder  ontil  it  ceAse« 
Ui  eontract  altogether.     The  next  diagmm  shows  the  early  stages  of  Ui\gae. 


At  first  the  contractions  jmpitjve,  each  being  a  little  higher  thau  the  pne- 
oeding  ;  tbii  U  known  as  the  hentjitid^l  fffeet  of  mntmi^thtn^  and  the  graphic 
PecoTti  is  called  a  gtnireaie.  Then  the  contmctions  get  le*i&  and  leas.  But 
what  ts  moat  noticeable  is  that  the  contraction  is  much  more  prolonged  ; 
the  latent  period  gets  longer ;  the  period  of  con  traction  geU  longer  ;  and 
the  period  of  relaxation  geta  very  mnch  longer  ;  there  is  a  condition  known 
as  amtracture^  m  that  the  original  base  line  ii  not  reached  by  the  time 
the  next  Btimnlus  arrives.  In  the  lait  atages  of  fatigue,  con  tractate  pa»ei 
off. 


^ 


Tiig.  147.— Effect  oi  tttuper&tufv  0J1  a  flbigle  maHculur  t-ui.  >  >  '  <  j  .  A,  nomiiU  ;  ff, 
C^'i ,  coolmff  t,  ''it  TCTy  cold;  r,  pcKitit  of  ftininlntion.  litr  nhujvR  traeinff  ii 
vidi^rabty  i^ui>cid/&^iiiidlo  of  «b  trndl^c  tilkcfi  With  the  peiidultiui  myogrmph* 


4.  Mfftet  <if  temncrature. — Cold  at  first  increases  the  height  of  conttae* 
tlonf  then  dtminiBhes  it ;  Dthcrwisc  the  effect  is  rerj  U)ce  that  of  fatigue 
mereaiiing  the  duration  of  all  stages  of  the  curve* 

Moderate  warmth  incrtiascs  the  height  and  diminishes  \\m  duration 
of    all    stages   of    the    enrve,    latent    period    included.      This    may  be 


Fiff*  14I,— 'VemtrtDju  ciirro,  token,  ati  u  vi^ry  Alawly-travtllbikg  cyhadi 
ii»di»t««Ktoaai. 


j,>r;  thetisiti  tA^TDg 
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fndllT-  i]i6wii  hj  dropping  i^ome  warm  suit  «olut|on*  on  tc*  fhempscit;  irefore 
lakiAg  its  eonre.  Too  sfrcAt  heat  (above  40""  c.)  *n'i«cea  kttit  r*p>r  due  to 
iation  of  the  iiiuiit^le-pFOteiiia.  (Sec  fwt  note,  p,  irjfi.J 
't  0/  rrrtf^ri/i/",— If  thii  m  iiijeeteil  itito  the  froi^  before  the  rotiscl©- 
...  ,h;  ...  ;.;  Ttirk^le,  the  rtry  remarkable  result  seen  in  T^-^  ? -^^^-liing 
1  on  ^timulfttio!!  ;  th^re  is  an  enormous  pr  1   of 

f  ion  ;  marked  by  a  secondary  risfi,  Bnd  -  --   bj 

tremors    Mt^^r  re|>eatieil  atiiimlatioii  this  effect  pasaes  o^  but  retarua  after 
A  pisiiod  of  rest. 


The  Muacla-Wave. 


Hi©  fir«t  part  of  a  muiielc  which  uoutraeta  is  the  purt  where 
tbe  nerve  5brea  enter ;  but  nerve  impulses  am  so  rapid Ij  carried 


f%-  >4g«— AnwDgcniL'ni  fur  tnciLng  th«4  EaiiBioI&i-wn¥e.    (U'KAatdricli.l 

all   the   fibrea  that  for  pmclieal    purpoaea  they  all  contract 

ither.    But  in  a  nervelesa  muscle,  that  is  one  rt^ndered  physio- 

pcallj  nerveless  by  cirrare,  if  one  end  of  the  muscle  b  stinm- 

ited,  tbe  coo  traction  travels  as  a  wa%'e  of  thickening  to  the  other 

eu4  of  tlie  ninscle,  and  the  mte  of  projxigation  of  this  wave  can  be 

I  reoarded  gmphie^ally.    The  aUjve  Hguro  (tig,  1 49)  represents  one  of 

'  the  numerous  methods  that  have  been  devised  for  this  purpose. 

A  muaele  with  long  parallel  fibres,  like  the  siirtorins,  m  taken  j  it 


•  Fhjiiologicnl  saline  solution  used  far  bfttblag  M¥mg  tiauie  m  a  0,65  per 
oest^  eolntiop  of  sodium  chlondo. 
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m  represented  tliagmrnmaticallj  in  the  fij^ire.  It  m  ttluiuluted 
at  the  end,  wlieie  the  two  wires,  +  aorl  -*,  are  placed  ;  it  i« 
gnisp(?<i  in  two  places  by  piiicer^^  which  arc  opened  bj  the  wafe 
of  tliickeuing  ;  the  opening  of  the  first  pair  of  pincera  (i)  prosaoe 
on  a  drum  or  tiinihmir  ronirec-ted  to  a  sccf»ml  tamlxMir  with  «  re- 
cording lever  (i"),  and  this  lever  goes  iip  fir^t ;  the  lever  (2')  of  the 
taiubiiar  connected  with  the  aeefjnd  pair  of  piucers  (2)  goes  tip  later* 
If  the  length  of  muacle  between  the  imira  of  iiinecn*  is  meosurodt 
and  by  a  timO't racing  the  delay  in  the  raiding  of  the  seeond  lever 
ia  aweert^inetl,  wi?  have  the  arithnxetiual  data  for  citlcuktmg  the 
mte  of  propagation  uf  the  muijcle  wave.  It  is  aUn^t  3  nietreit 
per  second  iu  frtig's  mitacle,  but  h  hastened  by  wariDth  atid 
delayed  by  cold  and  ffttigue. 


I 


Tha  Effect  of  Two  aucceasiTO  Stimuli. 

If  a  second  stimahm  follows  tbe  Brat  stimulmi,  lo  that  tho 
niiiflcle  reeeives  ihe  seeond  etininUis  before  it  haa  finished  con* 


Filf.  MO-     'ItKii  r 
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truetittjt;  ander  the  inflnence  of  the  first,  a  second  cnrve  will 
bo  added  to  thy  firtit,  hh  shown  in  tlie  uernnipanying  diagrmti 
(fijf.  ijo).  Tlie  tbiitl  little  enrve  i^  ^nly  dne  to  chwitic  afler- 
vibratioiL      TIiJm  ia  called  miprr-pfiidifm^  ijr  mmnuifttm  of  efftpis. 

If  the  two  stimnb  are  in  sueh  eloae  ftuceession  that  the  aecoud 
oooura  during  the  la  ten  i  jienod  of  the  firsts  tliv  rcjiult  will  differ 
aooordin^  »ii  tbe  Htiinnli  are  inaKiinH)  or  subniax mitd.  If  they 
are  tnaxiinal^  the  BCcond  Himnbi»  m  v^ithout  effect ;  but  if  tub^ 
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lifimal,  the  two  stimuli  nve  addod  together,  oiid  though  pro* 
ftcing  a  simple?  muscle  curvcj  procbicc  one  nhich  is  bigger  tliati 
tlicr  wowld  have  prodiiced  separtitel^*.  7*his  is  mimmatioH  of 
ii, 

EfToct  of  More  than  Two  Stimuli. 

Ju«t  aj»  a  second  stimulus  adds  its  curve  to  thafc  written  as  the 
Jt  of  the  firsts  so  a  third  atimulua  superfMia^  its  effect  ou  the 


^ 


t^i  —  t-Qirvt  of  incomplet*  tetumi,  oi^tuned  from  the  ptntrooitrQuufl  of  u  ii^^^  whrjt 
t)ie  NibiKlci  wem  «ent  in  from  ui  itidudtioii  ^ml,  sbout  niirteen  titocfl  jl  Birnni],  by  the' 
mtETTuptioii  of  th*  pttaiuuT  currant  hj  meuiB  of  a  Tibr»nnf  «minf « Trhi<  h  (Ijtjj^  ititu 
of  loeniuy^  And  broke  tti«  prl]W7  mtiT^iit  «t  e«di  .ribnittciD.  {TiiicuiK^to  b? 
Ltioleft,) 


;  a  fourth  on  the  third,  and  so  on.     Each  sticce«sive  incre* 
□i«Bt   ta»  however,  Bumller  than  the   preoeditig,  and   at   last  the 
maach  reinaiua  at  a  tiiaiimniti  contmction,  till  it  begins  to  relax 
im  fail  g  no. 


ho; 


Hg*  %%t,-  Curve  of  complf't<>  tctjiEtjt« 

lutHrtTapU'j.      I'll 


?T  mpiJ  ihrKki!  fnom  ■  iiuigni^tic 
irbl  10  left.) 


^1  A  succession  of  stimuli  may  be  sent  into  the  nerve  of  a  nerve^ 
^BtLiiacle  prepiiratiou  by  means  of  the  Wa^ncr'a  hammer  of  a  coil^  or 
^■llie  vibrating  reed  previoudy  lucntioiieti  (p,  117),  This  method 
of  stimulation  ia  called  fnmthmUfm,     Figs,  151  and    152   show 
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the  kind  of  tracings  one  obtaina.  The  number  of  oontractions 
corresponds  to  the  number  of  stimulations ;  the  condition  of  pro- 
longed contraction  so  produced,  the  muscle  never  relaxing  com- 
pletely between  the  individual  contractions  of  which  it  is  made 
uj),  is  called  tetanus  :  incomplete  tetanus^  or  clonus,  when  the 
individual  contractions  are  discernible  (fig.  151);  complete  tetanut, 
as  in  fig.  152,  when  the  contractions  are  completely  fused  to 
form  a  continuous  line  without  waves. 

The  rate  of  faradisation  necessary  to  cause  complete  tetanm 
varies  a  good  deal  ;  for  frog's  muscle  it  averages  15  to  20  per 
second;  for  the  pale  muscles  of  the  rabbit,  20  per  second:  for  the 
more  slowly  contracting  red  muscles  of  the  same  animal,  10  per 
second ;  and  for  the  extremely  slowly  contracting  muscles  of  the 
tortoise  2  per  second  is  enough.  With  fatigue,  the  rate  necessuy 
to  produce  complete  tetanus  is  diminished. 

Voluntary  Tetanus. 

We  have  seen  that  voluntary  muscles  under  the  influence  of 
artificial  stimuli  may  be  made  to  contract  in  two  ways ;  a  single 
excitation  causes  a  single  contraction  ;  a  rapid  series  of  excitations 
causes  a  series  of  contractions  which  fuse  to  form  tetanus. 

We  now  come  to  the  important  question,  in  which  of  these  two 
ways  does  voluntary  muscle  ordinarily  contract  in  the  body  t  The 
answer  to  this  is,  that  voluntary  contraction  is  always  a  tetanus, 
never  a  twitch.  The  nerve-cells  from  which  the  motor  fibres 
originate  do  not  possess  the  power  of  sending  isolated  impulses  to 
the  muscles  ;  they  send  a  series  of  impulses  which  result  in  a 
muscular  tetanus,*  or  voluntury  tetanus,  as  it  may  conveniently 
be  termed. 

If  a  stethoscope  is  placed  over  any  contracting  muscle  of  the 
human  body,  such  as  the  biceps,  a  low  sound  is  heard.  The  Ume 
of  this  sound,  which  was  investigated  by  Wollaston,  and  later  by 
Helmholtz,  correajKinds  to  thirty-six  vibrations  per  second ;  this 
was  regarded  as  the  first  overtone  of  a  note  of  eighteen  vibia- 
tions  per  second,  and  for  a  long  time  1 8  per  second  was  believed 
to  be  the  rate  of  voluntary  tetanus. 

The  so-called  **  muscle  sound  "  is,  however,  no  indication  of  the 
rate  of  muscular  vibration.  Any  irregular  sound  of  low  intensity 
will  prt)duce  the  same  note  ;  it  is,  in  fact,  the  natural  resonance- 


•  Tho  ii8(.»  of  the  wjtrd  tetanus  in  physioloory  mnst  not  be  confoanded  with 
the  (lis<riise  known  by  the  snnif  nninc.  in  which  the  most  marked  Bjmptom  is 
{in  intense  condition  of  museiihir  tetanus  or  cramp. 
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Icme  of  the  membrana  tjmpani  of  the  ear,  and,  therefore,  ^eot^ 
by  the  organ  of  h<?ariiig  when  we  listen  to  any  irregular  mixture 
^  low  t4>ue8  and  noises, 

mncb  more  certain  indication  of  fcho  rate  of  volimtarj 
irnis  ia  obtained  by  the  graphic  method*  The  myographs 
berUj  deatsribed  are  obTiousily  iimpplictible  to  the  investigation 
I ■  Itch  a  problem  in  man.  The  instrument  employed  is  t-ermed 
innnistifftt  m^offTitph,  The  next  fij^yre  ^ho^ti  the  recorf?ing 
,  of  the  ap|ianitU8. 
It  is  catted  a  Marey's  Tamltour.  It  consists  of  a  driim^  on  the 
jnernhrsfttie  of  whioh  is  a  metallic  disc  fastened  near  one  miA  cf 
j^4iver,  the  far  extremity  of  which  carrieB  a  writing  point     The 


ScTdr  tw  regulate  elcTaUoD  of  lerer. 


Tunboi^ir. 


Tube  Co  K«iTinf 
tambom. 


-Manj'*  Ikmbour,  to  whieb  tbe  moveineiit  of  Uie  ^toraa  ot  *ir  is  the  fli«t 
oaf  ft  eonduiftfld  bf  h  tube*   4od  frtim  vhirh  it  k  flnmraunioittd   bj  Ihm 
r  to  a  inevolTui^  cfti^der,,  la  thai  the  trM-ing  of  thi^  mommaDt  U  obtained. 

interior  of  the  drum  ia  connected  by  an  india-mbber  tnbe  (seen  at 
tbe  right-band  end  of  the  drawing)  to  a  second  tambonr  called 
tiie  receiving  tambonr,  in  which  the  ^Titing  lever  is  absent. 
Now  if  the  receiving  tambour  is  held  in  the  hand,  and  the  thtimb 
pfoseB  on  the  metallic  disc  on  the  surface  of  its  membrane,  the 
lir  within  it  is  set  into  vibmtion^*  of  the  same  rate  as  those 
oeeurring  in  the  thnml>  muscles  :  and  these  are  profiagated  to 
the  recoriling  tamlwnr  and  are  written  in  a  magnified  form  by 

Uie  end  of  the  lever  on  a  recording  travelling  siirface. 

Tlie  tracing  obtained  is  very  like  that  in  fig.   151;  it  is  an 

incntnplete  tetanus,  wliieh  by  a  time  marker  can  be  seen  to  be 

rde  up  of  I  o  to  I  s  vihmtions  a  second. 
In  some  diseases  these  tremors  are  much  increased,  as  in  the 
cionic  convulsions  of  epilepsy,  or  those  produced  by  strychnine 
jioitjoning,  but  the  rate  is  the  same. 

Similar  tracings  can  be  obtained  in  animals  by  strapping  the 
receiving  tambour  on  the  s\irface  of  a  muacle,  and  caujesing  it  to 
oontraet  by  stimulating  the  brain  or  ijpinal  cord.     The  rate  of 
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stimulatiou  makes  oo  difference  ;  however  alow  or  faat  tb 
stimuli  occur,  the  nerve-eel! a  of  the  oentral  aerrous  sjstem  gne 
out  impulses  at  their  awn  nomial  rate. 

The  suine  is  aeen  in  a  reflex  action.  If  a  tracing  is  takea  hm 
a  frog's  giistrocneniius,  the  muscle  being  left  in  ooanection  vith 
the  rest  of  th©  bodj^  its  tendon  only  beiog  severed  and  tied  to  t 
lever,  and  if  the  sciatic  nerve  of  the  other  leg  is  cut  throtigh,  noi 
the  end  attfiched  to  the  spinal  cord  is  stimulated^  an  impoki 
passes  up  to  the  cell^  of  the  cord,  and  is  then  reflected  down  to 
the  gastrocnemJiiST  under  observation.  The  impulse  has  thui 
to  traverse  nerve-cells  ;  the  rate  of  stimulation  then  makes  no 
difference  ;  the  reflex  contraction  occurs  at  the  same  rate,  to  or  t a 
per  second. 

But  now  a  difficulty  arises ;  if  a  twitch  onlj  occupies  |\  of  i 
second,  there  woitld  be  time  for  ten  complete  twitches  m  a 
second  ;  they  would  not  fuse  to  form  even  an  incomplete  tetmm 
There  must  bo  Kome  meant*  by  which  each  individual  contr&ctka 
can  be  lengthened  till  it  fuses  with  the  next  contraction ;  or,  % 
other  wonls,  our  roanlts  of  electrical  stimulation  of  eicised  muscl« 
must  not  be  applied  without  reserve  to  the  contraction  of  tk 
intact  muscles  in  the  living  body  in  response  to  the  will.  It* 
probable  that  all  the  fibres  in  a  muscle  do  not  contract  simuk 
taneously,  and  in  some  muscles  different  fibres  contract  at  dil- 
ferent  rates. 

Lever  S^stefju. — The  arrangement  of  the  mueclea,  tendons,  nni 
bones  presents  examples  of  the  three  systems  of  levers  which 
will  be  known  to  anyone  who  has  studied  mechanics ;  the  student 
of  anatomy  will  have  no  difficulty  in  finding  examples  of  all  thvet 
systems  in  the  body.  What  is  most  striking  ia  that  the  majority 
of  cases  are  levers  of  the  third  kind,  in  which  there  is  a  lom  of 
the  mechaiiiciLl  yxjwer  of  a  lever,  though  a  gain  in  the  rapidity 
and  extent  of  the  movement. 

Most  n macular  acts  involve  the  action  of  several  muscles,  often 
of  many  muscles.  The  acts  of  walking  and  running  are  examplei 
of  very  complicated  muscuhir  actions  in  which  it  is  necessary  not 
only  that  many  muscles  should  t^iko  part,  but  also  must  do  so  in 
their  propor  order  ami  in  due  relation  to  the  action  of  auiiliaiy 
and  anta^otnstio  muscles.  This  harmony  in  a  complicated  aius- 
cular  actimi  is  called  at-ttrdindtion. 

\\y  the  device  of  taking  instantimeons  photographs  at  npid!^ 
repeated  intervals  during  a  n macular  act^  the  details  of  different 
modes  of  locomotion  in  man  and  other  animals  have  been  veij 
thoroughly  worked  out.  With  this  branch  of  research  the  mm 
of  Prof.  Marcy  ia  intimately  asAociated. 
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CHAPTER  XL 

EXTENSIBILITY,  ELASTICITY,  AND  WORK  OF  MUSCLE. 

Mu»CLB  is  both  extensible  and  elastic.  It  is  stretched  by  a 
weight,  that  is,  it  possesses  extensibility ;  when  the  weight  is 
taken  off,  it  returns  to  its  original  length,  that  is,  it  possesses 
elcuttcity.  The  two  properties  do  not  necessarily  go  together; 
tlius  a  piece  of  putty  is  very  extensible,  but  it  is  not  elastic ; 


Vig.  154.— (After  Waller.) 

a  piece  of  steel  or  a  ball  of  ivory  are  only  slightly  extensible,  but 
after  the  stretching  force  has  been  removed  they  return  to  their 
ori^al  size  and  shape  very  perfectly. 

A  substance  is  said  to  be  strongly  elastic,  when  it  offers  a  great 

resistance  to  external  forces :  steel  and  ivory  are  strongly  elastic. 

A  substance  is  said  to  be  perfectly  elastic,  when  its  return  to 

its  original  shape  is  absolute;    again  steel  and   ivory   may  be 

quoted  as  examples. 

Muscle  is  very  extensible,  t.«.,  it  is  easily  stretched  ;  it  is  feebly 
elastic,  i.e.,  it  opposes  no  great  resistance  to  external  force  ;  it 
18,  however,  perfectly  elastic ;  that  is,  it  returns  to  its  original 
sbape  very  exactly  after  stretching.  This  is  true  in  the  case  of 
living  muscle  within  the  body,  but  after  very  great  stretching 

K  2 
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even  in  the  body,  and  still  more  so  after  removal  from  the  bodj 
when  it  beghia  to  undergo  degenerative  changes  culminating  iu 
death,  its  ehiaticity  ia  less  perfect.  The  cohesion  of  niiiKulw 
tissue  is  lew^  tlian  that  of  tendon.  E.  Weber  stated  thit  t 
frog's  mu8uk^  one  centiniotre  square  in  transverse  sectioD  ti 
support  a  weight  of  n  kilogramme  {over  2  lbs.)  without  niptoiK^ 
but  this  dituinishcs  as  the  muacle  gradually  dies. 

The  extetiaihility  oi  any  material  may  be  studied  and  recorded 
by  measuring  the  hicreasc  of  length  which  occurs  when  tliat 
material  is  loaded  with  different  weigh ts*  In  HelmholtE'  mypgnpk 
(fig.  140),  <lifferent  weights  may  be  placed  in  the  acale-pan  beoiitk 
the  muscle^  and  the  increase  of  length  recorded  on  a  stacionazj 
blackened  cylinder  by  the  downward  movement  of  the  writbi|; 
point ;  the  cylinder  may  then  be  moved  on  a  short  distance,  mon 
weigiit  added,  and  the  adi^itioual  increase  of  ]en^h  ainiiliil^ 
recorded,  and  so  on  for  a  succession  of  weights. 

If  this  <?xpeniucnt  is  done  with  some  non-living  substanoftr  lib 
a  steel  spring  or  a  piece  of  india-rubber,  instead  of  a  liTim 
muscle,  it  is  found  that  the  amount  of  stretching  is  proporttovl 
to  the  weight ;  a  weight  =  2  produces  an  extension  twice  i 
great  as  that  prf>duced  hy  a  w^eight=  r  ;  in  this  way  one  obtaiM 
a  tracing  like  that  seen  on  the  left  hand  of  figure  154,  and  tk 
dotted  line  drawn  through  the  lowest  points  of  the  extensionii 
a  straight  one. 

With  muscle,  however,  this  is  different ;  each  sueceasive  ad- 
dition of  the  same  weight  produces  smaller  and  snaaller  incre- 
ments of  nctenKJOn,  and  the  dotted  line  obtained  ie  a  curve. 

A  contiTuumfi  curve  nf  extensibility  may  be  obtained  by  placing 
a  gradually  and  steadily  int^reaaing  force  beneath  the  muida 
instead  of  a  auccessidn  of  weights  atlded  at  int^r^-^ais.  The  tD£fA 
convenient  way  of  doing  tltis  h  to  use  a  steel  spring,  which  i 
gradually  and  steadily  eiteudefl ;  and  the  writing  [x^int  conneetd 
to  the  muscle  iu  scribes  its  cicurwion  on  a  slowly  moving  cylinder 
If,  then,  after  the  muscle  huH  been  stretched,  the  steel  spring  ii 
gradually  and  stca^lily  rt^laied,  the  muscle  rehixes  and  again  writw 
a  curve  now  in  the  reverie  direction,  until  it  regains  its  oHginil 
length.*  Hut  tJi  muscles  removed  from  the  body,  unless  thej  ire 
very  slightly  loadi^d,  tfie  retuni  to  the  original  length  is  nevCT 
complete ;  the  nuiscle  is  pennanently  longer  to  a  slight  extent, 
which  varies  with  the  amount  of  the  previous  loading. 

*  A  matliemnticnl  examination  of  these  curves  shows  that  they  are  not 
rectangular  hxjxfHn.lu.  a^  tlicy  wcio  ouw  considered.  Thev  are  very  rari- 
abU  in  form  and  cannct  l>o  identitied  with  any  known  mathematical  cnrre. 
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If  tlie  muscle  is  slowly  loaded  and  slowly  unloaded,  the  curva- 
ture of  ita  tracing  Is  much  more  marked  thuu  if  the  eiperinient 

is  done  rapid Ij. 

The  following  three  tracings  are  repr<xluce<l  from  some  obtained 

by  Dr.    Brodie.      In  the  method  uses],  the  reeonis  are  not  com* 

plieated  by  the  curve  of  a  lever,  hut   the  movement  wai  simply 

magnified  by  a  tieam  of  hght  falhtig  on  a  mirror  attached  to  tbe 

end    of    the     m  use  le,    and 

reflecU»d  on  to  a  travelling 

photographic  plate.     Each 

traeing  i»  tc^  V.»e  read  from 

right  Ut  left ;   tliu  lirst  t*ue 

(A)    shows     tlie    result    of 

stretching  a  steel  spring  by 

a  steadily  iucTeasiug  force  ; 

the  end  of  tlie  spring  gets 

lower  and   lower,  wud  de- 

ncribcH   a  ^t might  line  ;  at 

the    apei    of    the    trauiug 

uiikmding  began  and  went 

(m  ttemdHy  till  tbe  spring 

once     more     regained     iU) 

ifihud    length.      The    up 

ttTO'ke,  like  the  downstroke, 

is  ft    straight    line.      In  B 

and  C  mnsicies  were  used  ; 

it  wiU  l>e  noticed  that  the 
muscle  does  not  regain  itjs 
ttiginal  length  after  unload 
iog,  and  that  after  unload- 
ing the  upward  tendency 
<rf  the  tmcing  represents  aft-er- relax  at  ton.  In  B,  the  extension 
^m  applied  rapidly,  the  traciug  is  almost  a  straight  line  ;  in  C, 
the  extension  wa^i  brought  al>out  more  slowly,  and  the  tracing  is  a 
carve ;  in  both  ciiaes  the  tracing  of  the  period  of  unloailing  shows 
iQwe  curvature. 

This  introduces  us  to  what  is  citlled  a/trr  f,vtfnsttin  and  afttr 
^iaxatitm.  That  is  to  say,  after  a  muscle  is  weighted  there  m  an 
immediate  elongation,  followed  by  a  gradual  elongation  which 
coutinues  for  sc*me  time ;  or  if  a  muscle  has  been  w*eightod  and 
^  tben  unloaded  there  is  an  immediate  slackening,  followed  by  a 
gradual  after  relaxation. 

This  may  be  shown  by  looking  at  tbe  gi^phic  records  shown 
ui  the  neit  diagram.     It  will  be  noticed  that  the  estdnaioti  is 


Fig.  1 55 .— Curre*  of  ezteiuuliiltty .    i^  Hitidie. ) 
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greatest  when  the  muscle  is  in  a  oontmcted  condition,  b;]^ 
smallest  when  it  is  dead  (in  rigor).  In  fatigue  the  after  eitenansQ 
is  very  markec],  and  the  return  after  unloading  very  imperfect 

We  may  now  give  the  results  of  an  actual  experiment;  i 
muscle  was  loaded  with  successive  weights  of  50,  loo^  t$o^  etCL, 
grammes,  and  its  length  eare fully  measured  in  centimetres. 


Load      .... 

50 

100 

150 

200 

2SQ 

300 

Total  extension         ,    . 

3'2 

6 

S 

9'S 

10 

10"^ 

Inert metit  of  extension 

aS 

2 

rs 

OS 

01 

fn  rigor 

In  tttanua 

Normal 
Fatigued 

( 

f"^ 

Figure   156  shows  that  the  contracted  muscle  is  more  eite 
sible  than  the  uncontracted  muscle.     This  may  be  still  furtiw 

illustrated  by  an  example  gifeai 
on  the  opposite  page  in  the  fofi 
of  a  diagmm. 

The  thick  lines  represent  \h 
contracted  muscle,  the  thin  0 
the  uncontracted*  It  U  repw 
sen  ted  as  being  stretched  by  di 
ferent  weights  indicated  all 
the  top  line  ;  and  the  lenglk 
under  the  influence  of  tl 
weights  are  separated  by  eqml 
distances.  Thus  A  0  represeati 
tVie  length  of  the  uncontncted 
muscle,  A  B  of  the  contracted 
nmsele  when  unloaded.  A'  P 
and  A'^  B'  the  same  under  the  in- 
fluence of  a  weight  of  5ogrammfli^ 
and  so  on. 

The  curve  connecting  the  eocli 
of  the  lengths  of  the  oontraoted 
muscle   falls    faster    than    thit 
obtained  from  the  uncontracted 
one,  until  at  the  point  P  under 
the  influence  of  a  weight  of  350 
grammes,  the  two  curves  meet; 
that  is  to  say,  250  grammes  is 
the  weight  which  the  muscle  is 
just  unable  to  lift.     Suppose  a 
muscle  has  to  lift  the  weight  of 
200   grammes,  it  begins  with  a  length  A''  C'^  but  when  it  coih 
tracts  it  has  a  length  A'^  B'^,  that  is,  it  has  contracted  a  distance 
ot  E'^  Q'\  which  is  very  amaW  *,  ^'Vvew  '\t  \i«»  \»  \i&\.  ^Xsa&^sas^ 


Fig.  156.— Extensibility  of  muscle  in 
different  states ;  tested  by  50  prammes 
applied  for  short  periods.  Tracings  to 
be  read  from  left   to   right. 
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it  iliorteDS  more,  when  a  greater  weight  it  shortens  leaa  ;  till 
wibsxi  it  shortens  least  it  lifts  the  (rreateat  weight 
[Thb  eiperiment  illuBtmtes  the  geneml  truth  that  when  a 
cle  IB  contracted  it  ia  more  extensible.  At  the  j>c»iiit  P  the 
tending  to  shorten  the  iniisflt?  (its  contractile  power)  is 
ttftctlj  equ&l  to  the  energj  teiiding  to  iGngthen  it  against  its 
clastic  force.  Thns  we  have  the  apparent  parsidox  at  this  point 
that  a  muscle  when  CQtitracted  has  eiactly  the  same  length  as 
«beu  iin^ontracted  ;  but  this  is  a  matter  of  everyday  experience; 
M  one  tries  to  lift  a  weight  beyond  one^s  strength,  one  fails  to 
it^  hut  nevertheless  one^s  muscles  have  been  t^ontracting  In 
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I  the  effort;  tJiey  have  not  contracted  in  the  narrow  sense  of 
becoming  shorter,  but  that  is  not  the  only  change  a  mnscle 
undergoes  when  it  contracts  ;  the  other  chatiges,  electrical,  ther- 
aml^  chemical,  etc.,  have  taken  place,  as  evidenced  in  one's  own 
pemon  by  the  fact  that  the  iudividnal  has  got  warm  in  his  efforts, 
or  limy  even  feel  fatigue  afterwards. 

But  the  paradox  does  not  end  here,  ft>r  if  tiia^ain  15718  again 
looked  at»  it  will  be  ficen  that  beyond  the  point  P  the  two  curvea 
croes;  in  other  words,  the  muscle  may  even  elongate  due  to 
increafie  of  extensibility  when  it  contracts.  This  is  known  after 
its  discoverer  as  Weher^s  pavtidor. 

Influence  of  Temfm-^Utte  on  Ext^nsihtiit^, — ^If  a  piece  of  iced 
iDdia-nibber  is  taken  and  stretched  by  a  weighty  its  retractility 
when  the  weight  is  removed  is  very  small.  If,  uow^  when  the 
weight  is  on  it^  it  is  warmed  at  one  point  aa  by  placing  the  hand 
on  it,  its  retractility  is  increased  and  it  contracts,  raising  the 
H     Some  phvsiologists  have  conaldered  that  muscular  con- 
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traction  can  be  explained  in  this  way ;  they  have  suppoeed  that 
the  heat  formed  in  muscular  contraction  acts  like  warmth  •• 
applied  to  india-rubber.  This  view  is,  however,  incorrect  It  ii 
much  more  probable  that  there  is  no  causal  relationship  between 
the  temperature-change  and  tlie  extensibility-change  which  occur 
when  muscle  contracts ;  both  are  simultaneously  produced  by  i 
common  cause,  called  a  stimulus. 

Moreover,  the  influence  of  heat  on  muscle  is  by  no  means  the 
same  as  that  on  india-rubber.  This  influence  is  not  invariah^ 
and  at  certain  temperatures  near  the  freezing-point,  and  under 
the  influence  of  certain  weights,  actual  elongation  may  occur  when 
the  temperature  is  raised. 

Muscular  Tonus. 

In  the  living  animal,  nuiscles  arc  more  or  less  stretched,  but 
never  taut  between  their  two  attachments.  They  are  in  a  state 0! 
tonicity  or  UmuH,  and  when  divided  they  contract  and  the  twopam 
separate.  Thus  a  nniscle,  even  at  rest,  is  in  a  favourable  condition 
to  contract  without  losing  time  or  energy  in  taking  in  slack. 

Muscular  tonus  is  under  the  control  of  the  nervous  system 
(on  the  reflex  character  of  this  control,  see  later,  under  Tendon 
Reflexes,  pp.  646 — 649) ;  the  muscles  lengthen  when  their 
nerves  are  divided,  or  when  they  are  rendered  physiologicallj 
nerveless  by  curare.  Besides  the  nervous  system,  the  state  of 
muscular  nutrition  dependent  on  a  due  supply  of  healthy  blood 
nuLst  also  be  reckone<l  as  iniport^mt  in  maintaining  muscular  tonus. 

Work   of  Muscle. 

The  question  of  muscular  work  is  intimately  associated  with 
that  of  elasticity.  In  a  technical  sense,  work  (W)  is  the  product 
of  the  load  (/)  and  the  height  (A)  to  which  it  is  raised.    W  =  /xA. 

Thus  in  fig.  157,  when  the  nniscle  is  unloaded  the  work  done 
is  nil :  W  =  BC  X  0  =  0.  When  the  load  is  250,  again  the  work 
done  is  ?<//,  because  then  h  =  O.     With  the  load  50,  W  =  B'C  X  50. 

If  the  height  is  measured  in  feet  and  the  load  in  pounds,  work 
is  expressed  in  terms  of  foot-pounds.  If  the  height  is  measured 
in  millimetres  or  metres,  and  the  load  in  grammes,  the  work  is 
expressed  in  gramme-millimetres  or  gramme-metres  respectively. 

This  may  be  shown  diagranunatically  by  marking  on  a  hori- 
zontal base  line  or  abscissa,  distances  proportionate  to  different 
weights,  and  vertical  lines  I'onlinates)  drawn  through  these  repre- 
sent the  height  to  which  they  are  lifted  (see  fig.  158). 
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MUSCULAR    WOEE. 


n? 


It)  the  dia^im  (fig,  1 5  S)  the  figures  along  the  baae  line  represent 
gramiii€«,  and  the  tigurea  alofi|r  the  vertical  line  represent  railli- 
metres.  The  work  done  m  iudica-ted  by  the  first  line  is  10  X  5  ^  50 
gram nu'-millimet res,  the  next    aox  6—120  jxtamnje-millimotrest 


fig,  i^^.— [Ju^nUD  Xa  flbow  ihe  tnoiie  ol  m&biunii^  tnuiicle  wiii  k.     i;^M'Kci34Hi.'k.J 


and  m  on,  wLile  the  last  on  the  right,  1 00  X  3  =  300  gramme- 
millimetres.  It  is  thus  fleeti  that  the  height  of  a  muscle  curve  is 
no  measure  of  the  work  done  by  the  muscle  unless  the  weight 
lift<Ki  is  taken  into  account  as  well. 

The  fallowing  figures  are  taken  from  an  actual  experiment  done 
with  tlie  frog's  gaatrocnemiua  (Weber)  :■ — 


We%ht  Uftad. 


Height. 


Work  done. 


a7'6  millimetres 
251 

73 


138  (rt^mae^minttnetrea 
^19  *f 


The  work  increases  with  the  weight  up  to  a  certain  maximum^ 
er  which  a  diminution  oceurs,  more  or  less  rapidly,  according 
f  the  niaacle  is  fatigued. 
Similar  exfioriment^  have  been  made  in  human  beings,  weighta 

being     lifted     by     the 

ca.lf   muscles,  or  elbow 

DiUSL-lea,  leverage  being 

allowed     for.       In    the 

higher       animals      the 

tnergy      so      obtained 

oompared      with       the 

ftf^  IB  about  twice  a& 

grout     for      the    same 

volnme     of      muscular 

tissue. 

Fig-    159 

clinical  use, 


li 


F%.  159.— I>jim]iiuEnvt«f. 


represents    a    common    form    of   dynamometer    for 
employed  in  testing  the  muscles  of  the  arms  and 
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hands.  It  is  squeezed  by  the  hand,  and  an  index  represents  kilo- 
grammes of  pressure. 

The  muscle,  regarded  as  a  machine,  is  sometimes  compared  to 
artificial  machines  like  a  steam-engine.  A  steam-engine  is  sup- 
plied with  fuel,  the  latent  energy  of  which  is  transformed  into 
work  and  heat.  The  carbon  of  the  coal  unites  with  oxygen  to 
form  carbonic  acid,  and  it  is  in  this  process  of  combustion  or 
oxidation  that  heat  and  work  are  liberated.  Similar,  though 
more  complicated,  combustions  occur  in  muscle.  In  a  steam- 
engine  a  good  deal  of  fuel  is  consumed,  but  there  is  great  economy 
in  the  consumption  of  the  living  muscular  material.  Take  tiie 
work  done  by  a  gramme  (about  1 5  grains)  of  muscle  in  raising  a 
weight  of  4  grammes  to  the  height  of  4  metres  (about  13  feet); 
in  doing  this  work  probably  less  than  a  thousandth  part  of  the 
muscle  has  been  consumed. 

Next  let  us  consider  the  relationship  between  the  work  and  the 
heat  produced.  An  ordinary  locomotive  wastes  about  96  per 
cent,  of  its  available  energy  as  heat,  only  4  per  cent,  b^ng 
represented  as  work.  In  the  best  triple-expansion  steam-engine 
the  work  done  rises  to  12*5  per  cent,  of  the  total  energy. 

In  muscle,  various  experimenters  give  diflferent  numbers.  Thus, 
Fick  calculated  that  ;^;^  per  cent,  of  the  mechanical  energy  is 
available  as  work ;  later  he  found  this  estimate  too  high,  and 
stated  the  number  as  25  ;  Chauveau  gives  12  to  15  ;  M'Kendrick 
17.  Thus  muscle  is  a  little  more  economical  than  the  best 
steam-engines ;  but  the  muscle  has  this  great  advantage  over  any 
engine,  for  the  heat  it  produces  is  not  wasted,  but  is  used  for 
keeping  up  the  body  temperature,  the  fall  of  which  below  a  certain 
point  would  lead  to  death  not  only  of  the  muscles  but  of  the 
body  generally. 

So  far  we  have  been  speaking  as  though  the  only  active  phase  of  moscolar 
contraction  is  the  pericxl  of  shortening.  It  is.  however,  extremely  probable, 
though  not  yet  prove* I  that  relaxation  is  also  an  active  process.  This  was 
originally  mootc<l  by  Fick.  who  pointed  out  that  the  fall  of  a  muscle  lever 
during  the  relaxation  period  is  of  variable  speed,  and  is  obviously  not  due  to 
the  pajssive  elongation  of  the  muscle  by  gravity  ;  the  way  in  which  this  part 
of  the  curve  is  varied  by  such  agencies  as  temperature,  and  drugs  like  vera- 
trine,  also  indicates  that  relaxation  is  an  indei)endent  process. 

Isonmtrlc  and  JgoUniic  cumes. — If  a  muscle  is  loaded  by  a  weif^ht  that 
it  can  lift,  then  its  tension  remains  constant  throughout  its  contraction,  but 
its  length  varies  ;  the  curve  written  by  the  muscle-lever  is  called  Uotonie 
(fig.  145).  But  if  the  muscle  contracts  against  a  larger  resistance  like  a 
strong  spring  the  length  of  the  muscle  remains  almost  unaltered,  but  there 
are  changes  of  tension  in  it  related  to  those  in  the  spring,  and  will  be  regis- 
tered in  the  curve  traced  by  the  muscle-lever.  Such  a  curve  is  called 
isometriv  ;  it  reachtis  its  maximum  sooner  than  the  isotonic  contraction  ; 
the  flat  top  of  the  isometric  curve  described  by  the  earlier  observers  was  due 
to  the  imperfection  of  the  instruments  used. 
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CHAPTER  XII. 


I 


THE    ELECTRICAL   PHENOMENA   OF   MUSCLE. 


Wk  have  aeeti  that  the  ehetntciil  proceMses  oeearriug  in  trmseular 
cijntmotif*!!  lead  to  a  trans  format  iou  of  energy  into  work  and 
heat.     Theae  changes  are  accorupaaied  bj  electrical  diisturbatices 

The  history*  of  animal  electricitv  forma  one  of  the  most 
fascitiating  of  o hapten*  in  physiologiwil  discovery*  It  dates  from 
1736,  when  Galvani  made  his  first  observations.  Galvani  was 
Profeasor  of  Anatomy  and  Physiology  at  the  Univeniity  of  Bologna, 
ind  hk  wife  was  one  day  preparing  some  frogs^  legs  for  dhiner, 
wbeo  she  noticed  that  the  apparently  dead  legi  became  convulsed 
when  s[>arks  were  emitted  from  a  frictional  electrical  machine 
which  stood  by.  Gal  van  i  then  wished  to  try  the  effect  of 
lightning  and  atmospheric  electricity  on  animal  tissties.  So  he 
hung  up  some  frogs^  legs  to  the  iron  trellia-work  ronnd  the  roof 

his  house  by  means  of  copper  hooks,  and  saw  that  they  con- 
tracted whenever  the  wind  blew  them  against  the  iron.  He 
imagined  this  to  be  dne  to  electricity  secreted  by  the  animal 
tiasiies,  and  this  new  principle  waa  called  Galmmi'im.  But  all 
his  friends  did  not  agree  with  this  idea,  and  moat  prominent 
among  his  opiK)nents  vvas  Volta,  Professor  of  Physics  at  another 
Italian  university,  Pa  via.  He  considered  that  the  muscular  con- 
tmctiona  were  not  dne  to  animal  electricity,  but  to  artificial 
electricity  produced  by  contact  with  difTerent  metals. 

The  controversy  was  a  keen  and  lengthy  one,  and  was  ter- 
minated by  the  death  of  Galvani  in  17  98.  Before  he  died,  how* 
ever,  he  gave  to  the  world  the  experiment  known  as  "  contraction 
without  metals,"  whicli  we  shall  study  presently,  and  which  con- 
clusively proved  the  existence  of  animal  electricity.  Volta,  how- 
ever, never  believed  in  it.  In  his  hand  electricity  took  a  physical 
tum»  and  the  year  after  Galvani's  death  he  invented  the  Voltaic 
pile,  the  progenitor  of  our  motlern  batteries,  Volta  was  right  in 
maintaining  that  galvanism  ciin  be  produced  independently  of 
animals,  but  wrong  in  denying  that  electrical  currents  could  be 


•  For  a  fall  and  interefltinir  aceoimt  of  this  labject  tho  render  ie  rc?f erred 
to  ProfesHor  M^Kcndrickfl  **  Test-bcK>k  of  PhyBiologj,"  voL  I,  chap*  xviii. 
The  recount  in  the  t^xf  is  tnAsnly  a  brief  sammary  of  tbia  chattel* 
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obtained  from  animal  tissues.  Galvani  was  right  in  maintain- 
ing the  existence  of  animal  electricity,  but  wrong  in  supposing 
that  the  contact  of  dissimilar  metals  with  tissues  proTed  his 
point. 

This  conclusion  has  been  arrived  at  by  certain  new  methods  of 
investigation.  In  1820  Oersted  discovered  electro-magnetism: 
that  is,  when  a  galvanic  current  passes  along  a  wire  near  a 
magnetic  needle,  the  needle  is  deflected  one  way  or  the  other, 
according  to  the  direction  of  the  current.  This  led  to  the  inven- 
tion of  the  astatic  needle  and  the  galvanometer,  an  instrument  by 
which  very  weak  electrical  currents  can  be  detected.  For  a  long 
time  the  subject  of  animal  electricity,  however,  fell  largely  into 
disrepute,  because  of  the  quackery  that  grew  up  around  it  It  is 
not  entirely  free  from  this  evil  nowadays ;  but  the  scientific  in- 
vestigation of  the  subject  has  led  to  a  considerable  increase  of 
knowledge,  and  among  the  names  of  modem  physiologists  asso- 
ciated with  it  must  be  particularly  mentioned  those  of  Du  Bois 
Reymond  and  Hermann. 

Before  we  can  study  these  it  is,  however,  necessary  that  we 
should  understand  the  instruments  employed. 

The  Galvanometer. — The  essential  part  of  a  galvanometer  is 
a  magnetic  needle  suspended  by  a  delicate  thread  ;  a  wire  coils 


i 


Fig.  160. 


Pig.  161. 


round  it ;  and  if  a  current  flows  through  the  wire,  the  needle  is 
deflected.  Suppose  a  man  to  be  swinnning  with  the  current  with 
his  face  to  the  needle,  the  north  pole  is  turned  to  the  left  hand. 
But  such  a  simple  instrument  as  that  shown  in  fig.  160  would  not 
detect  the  feeble  currents  obtained  from  animal  tissues.  It  is 
necessary  to  increase  the  delicacy  of  the  apparatus,  and  this  is 
done  in  several  ways.  In  the  first  place,  the  needle  must  be 
rendered  astatic,  that  is,  independent  of  the  earth's  magnetism. 
The  simplest  way  of  doing  this  is  to  fix  two  needles  together  (as 
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shown  ill  fig.  1 6 1 ),  the  north  pole  of  one  pointing  the  same  waj 
m  the  HOiith  pole  of  the  other.  The 
cnrreut  ia  lud  over  one  needle  and 
then  over  tht-  other ;  the  effect  ia  to 
produce  a  deflection  in  each  in  the 
Btttiie  direciloii«  and  so  the  sensitiveness 
of  the  instniment  is  don>>led.  If  now 
the  wire  is  coiled  not  only  once,  bnt 
twice  or  more  in  the  tjanie  position,  each 
coil  has  it*i  eftect  on  the  needles  ;  the 
mukipli cation  of  the  effect  of  a  weak  cur- 
rent in  thisM^ayis  accomplished  in  actual 
lialvauometera  by  many  hundredB  of 
turns  of  fine  wire. 


A.  The  g&lviitiuoiirWr  «}[uiuli  of  two  AfsCeauv 
4if  jfin^l  Bfltfttic  iiwdli?ii  «UMpead«d  hv  t.  flino  hair 
f turn  &  ffuppartt  ao  tlimt  cAch  «i  of  oeodl^*  h 
within  »  Will  i)f  flwe  Insulated  copper  wire,  that 

[  immmg  tht  Inwvr  oail  bciJiiK  wmmd  iti  lui  uppcmlte 

kdirKtioa  to  ths  upper,    Attachc^d  U*  tiiv  upper 

Itet  of  needloA  t«  &  tmalt  mirrur  a.1xrmt  j  inch 

I  la  diunetor;  the  light  from  ttm  lAnip  at  n  U 

I  Ihfiyfm  upon  thlA  HmemimfrT  and  ix  n^dtHtcd  u  pon 

Vtheaealenn  chc  othic>rHid«?of  B.  notMhown  in  ti^:m, 

l^be  ctiils  M  J  *n-  amui^fd  upon  bnuaA  uunnhlB, 

]    tlic?ir    cndH    nft    immed    to    th«    bhidiiif 

_„BW«.     Tfar  whulc  apparatuji  ia  p]iitci?d  apon  « 

NvQlcanlte  plate  c&pftmi/  of  hein^  kvelkKl  l^i-  the 

t  acRT  anptiurt«,  and  k  cui-crrd  by  a  biniM-bmmd 

^  glaM  nhndi^i,  the  cr>¥@r  of  which  ik  jiIko  of  brua, 

I  mud  iiupporrjt  m  bnun  rod  h^  on  which  mdw  a 
Wfak  tmrvfrd  magnet  m,  C  is  the  shnnt  Tit  m^wnv 
of  which  tho  amount  iif  thi'  rummJ  *  -  *T,- 
g3tl¥HT<iiiinietir  iniiy  b*  rp^ulak'd.  Ml.-  . 

»ra]^  1*1.  p)m.-^>d  ftlMiut  tJirfcf  ft^t  fitjiti  ' 

m^ter,  wliicli  ia  aminifed  eiut  and  wi^t.  im-  j^unp  i*  ifirhtcd,  the  niirmr  i«  madi;  to 
«1l<ia«,  BZid  tbo  liftht  from  the  tamp  js  adiuiitad  to  full  iipim  it,  and  it  im  then  Ti:ini3at45d 
QBtCrtlie  lelieetCTl  Hpot  of  Ligbl  from  it  falk  ttpnn  th»^  sen)  uf  tht*  N-ale.  The  wimi  from 
thfB  muQHMtliuiHiiblQ  electmea  tonclunK  the  DLumcle  ai?  (ittn^^ht'd  to  the  ontcT  tiindln^ 
tm^mn  of  the  d^ti]iraBOCDfiter„  a  kf  j-  intt-rvttiiDjr  for  short  finuitiiikf ,  t>r  if  a  pfjititin  onlT 
of  th*  WAJTi^nt  id  tfi  paaintQ  th^-  galvanomet^-r,  the  fthunt  sbcnild  int-^ir^ni^  ft«  w*.Il  with 
ih#  appropridtt^  plniff  in.  When  m  cyn*nt  pii^4i4«>$  into  thf  ^l*'jiinum».'Ur  tht*  nr^dlof 
iind,  with  theni,  tlm  mirror,  air  turn«d  tn  the  riffht  or  left  twrf^jiniin^f  t*?  Oie  rtit^titioa  of 
thP  otarreut.  Tlic  umoont  of  the  deduction  ttf  i  he  netnlle  in  marked  on  the  te^lt:  by  th« 
ipot  ul  light  trmT^ilmg  along  it. 
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Fig.  162  illustratoB  the  best  galyanometer :  that  of  Sir 
William  Thomson  (now  Lord  Kelvin).  It  is  called  a  reflecting 
galvanometer,  because  the  observer  does  not  actually  watch  the 
moving  needle,  but  a  spot  of  light  reflected  from  a  little  minor, 
which  is  attached  to  and  moves  with  the  needle.  A  very  small 
movement  of  the  needle  is  rendered  evident,  becaiiae  the  move- 
ment of  the  spot  of  light  being,  as  it  were,  at  the  end  of  a  long 
lever — namely,  the  beam  of  light,  magnifies  it. 

Non-polarisable  Electrodes. — If  a  galvanometer  is  oonnected 
with  a  muscle  by  wires  which  touch  the  muscle,  electrical  oaxtents 
are  obtained  in  the  circuit  which  are  set  up  by  the  contact  of 
metal  with  muscle.  The  currents  so  obtained  form  no  evidence 
of  electro-motive  force  in  the  muscle  itself.  It  is  therefi^ 
i^cessary  that  the  wires  from  the  galvanometer  should  have 
interposed  between  them  and  the  muscle  some  form  of  electrodes 

which  are  non-polarisabla  Fig.  163 
shows  one  of  the  earliest  non-polarisable 
electrodes  of  Du  Bois  Reymond.  It 
consists  of  a  zinc  trough  on  a  vulcanite 
base.  The  inner  surface  of  the  trough 
is  amalgamated  and  nearly  filled  with 
a  saturated  solution  of  zinc  sulphate. 
In  the  trough  is  placed  a  cushion  of 
blotting-paper,  which  projects  over  the 
edge  of  the  trough ;  on  it  there  is  a 
Fig.  163.— Non-poiariflabie  dec-     pad  of  china  clav  or  kaoliu,  moistened 

trode  of  Du  Bow  Beymond.       ^  .  ,       ,       .   ,      .    •',       ,,       ,    /.        .      , 

(M'Kcndrick.)  With  physiological  salt  solution  (0*6  per 

cent.  NaCl) ;  on  this  pad  one  end  of  the 
muscle  rests.  The  binding  screw  (k)  connects  the  instrument  to  the 
galvanometer ;  the  other  end,  or  the  middle  of  the  same  muscle,  is 
connected  by  another  non-polarisable  electrode  in  the  same  way  to 
the  other  side  of  the  galvanometer.  If  there  is  any  electrical  dif- 
ference of  potential  (tliat  is,  difference  in  amount  of  positive  or 
negative  electricity)  between  the  two  parts  of  the  muscle  thus  led 
.  off*,  there  will  be  a  swing  of  the  galvanometer  needle ;  the  galvano- 
meter detects  the  existence  and  direction  of  any  current  that  occurs. 

Fig.  164  shows  a  more  convenient  form  of  non-polarisable 
electrodes. 

In  order  to  measure  the  strength  (electromotive  force)  of  such  currents, 
the  mere  amount  of  swing  of  the  needle  is  only  a  very  rough  indication, 
and  in  accurate  work  the  following  arrangement  must  be  used  (fig.  165). 
The  electromotive  force  is  usually  measured  in  terms  of  a  standard  Danieil 
cell.  The  two  surfaces  of  the  muscle  (M)  are  connected  to  a  galvanometer 
(B)  ;  the  needle  swings,  and  then  a  fraction  of  a  Danieil  cell  is  introduced 
in  the  reverse  direction  so  as  to  neutralise  the  muscle  current,  and  bring 
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back  the  tioedle  to  rest*  Frota  the  Daniell  ccU  K»  wires  pa*»  to  the  enda  »,  h 
of  a  lung  plfttinam  wire  of  high  resifltaQGe}  calltsd  the  compenRator  ;  cIa& 
tlidcT  on  thif  vrire  ;  £t  anii  e  are  cotmeoted  to  the  gJllvaaomet^:;r♦  the  oom- 


vith  ft  iilumte^  Bultttlun  pf  line  iulphjite,  in  the  end,  «,  i>f  which  iji  vhlnu  c]&y  drawn 


I 


oat  to  «  point;  tli?  cIat  ir  moivteiild  with  0'6  N4CI  uIutioD ;  in  the  »nlntit>n  a  wi-ll 
■nwl^miited  woe  rod  ia  hzim^ised  Knd  odouectedl.  by  mmn^  of  the  vtw  a.  with  the 
|:»lt«iianieter.    The  Te<roaiiid«r  of  the  iifiiiu«tu«  u  nimplx  for  codaTmtPsoi*  off  Appiimr 


I  hzim^rBed  Knd  cxioDeictodi.  by  mmn^  of  the  vtw 

iindfT  of  the  iifiiiu«tu«  u  nimplx  for  codaTmtPsoi* ^,,, 

ikm.    The  nmiote  atul  Ua,o  end  of  the  Kooad  elcctrodo  ore  to  the  right  ni  the  dgnm. 


Bntator  C  enabling  the  observer  to  ensure  thjit  the  current  from  the  Daniell 
piMe&  in  the  opposite  direetbn  to  that  protUced  bj  the  muscle.  If  the 
ilider  c  la  placed  nt  the  end  h  of  the  oompeiiaatort  the  whole  a  trench  of 
the  Danietl  will  be  sent  tbrongh  the  ij^lvanomctcr  and  lit- til  more  thftn 


1%.  165.— Azraagcmcnt  for  meiuuriiif?  th«  plwtromotiTf*  force  of  miudfi. 
(M'KMdrJek.) 

netitmlise  the  muscle  etirrent ;  if  o  m  half  way  between  a  and  h,  half  the 
Dan ieirs  strength  will  be  sent  in  ;  but  thi»  n  also  too  mneh  ;  ae  will  be  found 
to  be  ohIt  quite  ft  flnaftll  fraction  of  ab ;  and  this  fraction  will  correspond 
to  a  proportional  fraction  of  the  electromotive  force  of  the  Daniell  cell. 
Xtippmanji^fi  Capl^ary  Blaotrometor.^This   mat  rumen  t  is  often  nsed 
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instead  of  the  galTanometer.  It  consists  of  a  glass  tabe  drawn  oat  at  one 
end  to  a  fine  capillary  and  filled  with  mercarj.  It  is  connected  to  an 
apparatus  by  which  the  premore  on  this  mercury  can  be  lowered  or  increased. 


Fig.  166.— Lippmann'g  Capillary  Electrometer.    (After  Waller.) 

1 .  ProHHure  apparatuM  and  microaoope  on  stand  of  which  the  capillary  tabe  ia 

llxrd. 

2.  Capillary  tub4>,  fixed  in  outer  tube  containing  zo  per  cent,  solphuric  add; 

the  platinum  wires  are  also  vhown. 
J. 'Capillary  and  column  of  mercury  as  seen  in  the  field  of  the  microicppe. 


Fit?-  i6~-'  l^'rt»);'s  hrart.  l)iphll^i^  vnriHtion.  Simultaneouf  photofrraph  of  a  sin|rie  beat 
^upp<>r  blmk  \\nv\  and  tht>  a(v«>mi)anying  electrical  change  indicated  by  thelerel  of 
the  black  area,  which  Khowii  the  varying  lcvt>l  of  menairy  in  a  GapiHazy  eleetraneter. 
,  WnUiT.  ^ 


inr 
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opeo  cApiUftrr  tube  iieocloaed  withiD  another  tube  fitled  with  lo  per  cent. 
ilphoncacid,  T«'o  platinam  wires  ftiecd  throti^h  the  glass,  pass  reepectlTetj 
3  the  Eoerciiry  and  tht^  Acid,  jind  the  other  ends  of  these  wires  are  connected 
tlectrode^  V>  two  yonlon^  of  the  surface  of  a  mUACle.     The  capiLlatj 


BU> 


|j^.  i6d.— Haioui  hout^  Diphasic  Tfljiatluni  Kt,  and  umiiltaBeoiu  t^udiDgimm^ 
tc-  Time  u  is  nurked  In  ^^ to  itecond^  Thtj  Icttd-olFB  Co  the  caoiUarT  electrometor  wesrt 
from  elie  moiitb  to  the  volpbujia  hcB,  mud  fr«m  the  Icxt  foot  to  tht  jn«r«iuf . 
(WwSitt.) 

Ilabe  u  obicrred  by  «  microacope  ;  the  iurf aoe  of  the  meTcnrj  la  in  a  state  of 
ll«a«ion  which  in  eA«ily  iocreased  or  diciiaished  by  Tamtions  of  electric*! 
IpotsQtial,  and  the  mercuzy  moves  m  the  direction  of  the  negative  pok. 

If  the  shadow  of  the  mercurial  column  is  thr<jwj3  upon  a  iraveUing  aenti- 
[tiw  photographic  plate^  photographs  are  obtained  which  show  the  electrical 


Tig.  169.— Scheme  of  a  Ebeotoitto.    {Walltr.j 

»ftriaiioni  in  a  living  ti^ue  in  a  graphic  manner.  The  Inatrnment  it  «xecod^ 
LDglf  seDfiitire,  and  Ua  indications  are  pmctically  inataDtaneona.  Figa. 
167  and  1 68  indicate  the  kind  of  reaalt  one  obtains  with  the  heart,  which 
will  be  more  faOy  discuBseil  when  we  are  oonsideri  ug  that  organ. 
f»#  Mhaitt&znm.—TkiM  is  ah  iMtniment  bj  meana  of  which  the  time  of 
jr./',  V 
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the  occurrence  of  electfical  disturbances  in  fdation  to  the  oootmetios* 
of  a  muHcle  can  be  determined.  This  is  in  principle  cffeotod 
revolving  bar  cd^rrjing  two  contact*,  one  in  the  primary  or  excitinf  drcoit 
(i.  I,  I,  I )^  one  in  the  galvanometer  circuit  {2.  2,  2.  2),  The  bar  TevoUtA. 
and  by  making  or  breaking  the  primary  circuit  sends  an  indtiction  sbix't 
into  the  nerve  at  the  same  inBtjint. 

The  mnsele  is  connected  by  Don-polarisable  electrodes  to  the  galTino* 
meter  ;  this  circnit  includes  the  brass  blocks  3,  2,  on  the  dUc  over  wbk'b  thf 
bar  Tevolve*,  aod  a  com  pen  gator  not  sbown  in  the  figure  to  netitr&lise  *iif 
current  set  up  by  the  muscle  in  a  state  of  rest.  If  an  electrical  change 
occurs  in  the  muscle,  it  is  only  noticed  by  the  g»ivanomet-cr  it  at  the  mme 
time  the  bar  on  its  reroiution  connects  tbe  two  brnss  blockn  on  the  dj«c^aitc) 
so  completed  the  circuit  Tbe  apparatus  can  be  set  eo  that  the  bar  mAkci 
the  primary  contact  (i»  i)  Bimuftaneously  with  the  galvanometer  contact*, 
or  that  the  galvanometer  contact  i«  made,  i,  a,  3,  &c.  hundredths  of  a  second 
later  than  the  primary  contact.  If  the  two  are  closed  simultaneotaidy  tlw 
electrtt^l  condition  of  the  muscle  is  tapped  off  at  the  moment  of  excitation ; 
if  the  galvBHometer  contact  is  closed  j^,,  ii^n*  ttb-  *f<^  second  after  escitatioD, 
the  electrical  condition  of  the  mnqcle  at  that  {)articular  instant  is  ascertained 
By  a  number  of  experiments  with  different  intervals  between  tbe  maklnf 
of  tbe  two  contacts,  one  aacertmioB  how  long  after  tbe  excitation  the  cl 
in  the  electrical  condition  of  tbe  mnscle  takes  place. 


« 


ib«w^^ 


W©  can  now  para  on  to  a  conBideration  of  results* 
In  muscles  that  are  renaoved  from  the  bod^i  it  m  foimd  that 
on  leading  off  two  parte  of  their  surface  to  a  galvanotneter, 


Fig.  t^^  Dti^mn  of  the  ouircDtP  in  a  munclie  prtBin.    (Dti  Boli  EcfmoQd.^ 

galvanometer  needle  generallj  swings.  The  moat  marked  ranilt 
ia  obtained  with  a  piece  of  muscle  in  whtch  the  fibres  run  paiallel 
to  one  another,  and  the  longitudinal  aurfnee  is  connected  with  one 
of  the  cut  ends  by  a  wire  (2  »ri  fig,  1  70), 

On  the  course  of  the  wire  a   galyauometer  indicates   that  «M 
current  flows  from  the  centre  to  the  cut  end  outaide  the  muscle,  ^ 
and   from  the  cut  end  to  the  centre  inside  the  muscle.     If,  now, 
the  muscle  is   made  to  contract,  the  needle  returns  more  or  liSB 
completely  to  the  position  of  rest, 

J>u  Bois  Heymond,  who  first  deiicrihed  these  faeU*,  called 


lied  the  a 
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6mt  eurrent  the  euiT^iC  of  rest^  and  the  secoud  oLirrent^  whioh 
oocurB  at  ihe  instant  of  commencing  contraction,  the  c%rr^ni  of 
a^tUm  ;  the  change  in  direction  is  indicated  hy  the  expression 
niet/a$iv€  varmtwn. ;  this  meauii  that  I  be  current  of  action  ia  in  the 
opposite  direction  to  the  current  of  resti  and  therefor©  lesiens  or 
neutnilia6&  it.  Du  Hois  Reymoud  explaiued  this  by  supposing 
that  a  mujscuba'  fibre  is  buUt  np  of  molecules,  each  of  which  ia 
positive  in  the  ceutre  and  negative  at  both  euda.  So  when  a 
muscle  is  cut  across,  a  number  of  the  negative  ends  of  these 
molecules  is  exposed.  On  eon  traction  the  difference  between  the 
centre  and  ends  of  each  moJeeule  is  lessened,  and  the  resultant 
effect  cm  the  whole  muaote  (made  up  of  such  molecules)  is  similar. 


There  is  no  doubt  about  the  facts  as  described  by  Du  Bois 

Reyniond.     We  now  adopt,  however^  an  entirely  different  view  of 

their  meaning :  in  causing  this  revolution  of  ideas  the  principal 

kpart  has  been  played  by  Hermann.     The  new  idea  is  that  the 

^to-called   current  of  rest  does  not  exist ;  it  is  really  a  current 

ppoduced  by  injury,  and  is  now  generally  called  a  demarcaiion 

emrent :  the  more  the  ends  of  the  muscle  are  injured  the  more 

negative  they   become;    and   when   they   are  connected   to   the 

,  uninjured  centre,  a  current  natiu-ally  is  set  up  as  described   by 

,  Du  Boia  Eeymond.     If  a  muscle  is  absolutely  uniujured  it  is  iio- 

dectric  ;  that  is^  it  gives  no  current  at  all  when  two  parts  of  it  are 

connected  together  by  a  wire. 

We  may  put  the  mam  conciusions  concerning  this  subject  in 
the  form  of  a  number  of  proposition  a  i — 
t ,  Uninjured  muscle  at  rest  is  isoelectrio, 
3.  Dead  muscle  is  iso-electric. 

3.  But  dead  muscle  is  negative  to  uninjured  living  muscle. 

4.  Dying  muscle,  i.e.,  injured  muscle,  is  also  negative  to  un- 
injured muscle;  thus  we  get  a  demarcation  current  on 
connecting  the  uninjured  to  the  injured  part  of  a  muscle, 

5.  Not  only  are  dying  and  dead  portions  of  muscles  negative 
to  uninjured  resting  muscle,  but  the  same  is  true  for  con* 
tracting  muscle  at  the  moment  it  begins  to  contract* 

i6»  When  a  muscle  removed  frtjiu  the  body  contracts,  the 
previously  positive  part  in  the  centre  contracts  most  because 
it  ia  least  injured  ;  hence,  the  electrical  condition  of  the 
centre  approaches  that  of  the  injured  ends ;  hence,  the 
demarcation  current  is  diminished  ;  thus,  Du  Bois  lieymond's 
negative  variation  is  accounted  for, 
7,  In  a  curarise<i  muscle,  the  wave  of  contraction  (see  p.  125) 
is  accompanied  by  a  wave  of  increased  negativity  travelling 

L  2 
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at  the  same  rate.  This  is  followed  very  rapid) j  by  a  return 
to  the  original  condition ;  henee  the  change  m  spokeo  of  tM  a 
diphasic  one. 
8,  The  electrical  change  in  a  contracting  muscle  aeoompamei 
the  commencenietit  of  the  other  changes.  This  has  been 
ascertained  by  the  use  of  the  capillary  electrometer^  whiflh 
confirms  the  earlier  expenmenta  made  with  the  rheotome. 
The  electrical  change  lasts  only  a  few  thouaandths  of  a 
second,  and  is  oTer  long  before  the  other  changes  in  form,  &c. 
are  completed.  Sir  John  Burdon  Sanderson  gives  the  following 
numbers  from  experiments  with  the  frog's  gastroenemitifi. 
When  the  muscle  is  excited  through  its  ner\^e,  the  electrical 
response  begins  j^^  and  the  change  of  form  ytf^jf  second 
after  the  stimulation  ;  the  second  phase,  that  is,  the  return 
to  the  previous  condition,  begins  x^-Stj-  second  after  exoita* 
tion.  When  the  muscle  is  directly  excited,  the  latent  period 
is  much  shorter,  the  change  in  form  beginning  y^^  and 
the  electrical  change  Ln  leas  than  YWfr^  ^f  a  second  after 
excitation. 
Muscle  is  not  the  only  tisane  which  exhibits  electrical  phenomena, 
A  nerve  which  ia  uninjured  is  iBO-electric  ;  injury  causes  a  demar- 
cation current;  activity  is  accompanied  with  a  similar  diphasic 
wave  travelhng  along  the  nerve  simultaneously  with  the  nervous 
impulse.  The  activity  of  secreting  glands,  and  also  of  the  retina,  is 
accompanied  with  electrical  changes  of  the  same  kind. 

But  the  most  prominent  exhibition  of  animal  electricity  ia 
seen  in  the  electric  organs  of  electric  fishes.  In  some  of  these 
liahea  the  electric  organ  is  modified  muscle,  in  which  a  series,  as 
it  were,  of  hypertrophied  end-plates  correspond  to  the  plates  in  a 
voltaic  pile.  In  other  fishes  the  electric  organ  is  composed  of 
modified  skin  glands.  But  in  each  case  the  electric  discharge  is 
the  principal  phenomenon  that  accompanies  activity. 

In  conformity  with  usage  I  hare  retiiintxl  in  the  foregoing  descripticin  of 
tlie  elect ridil  phetiomeuft  in  living  ii^isuei»*  the  torniH  positive  and  negHtire 
\n  the  loose  mid  incorrect  aeuie  in  which  they  are  employed  by  phy^ologistB. 
The  word»  tiegntive  mid  posit  ire  should  really  be  transpo^idd.  In  a  iNuiiell 
cell,  the  zIdc  is  the  poaitiTc  element,  and  ia  eoonectefl  to  the  aefatiTe  pok. 
It  i^  in  t  hi  El  *K?nw  only  that  an  injured  or  BCtife  part  of  a  muficle  is  neg^tiTe. 
To  nbYiiiCe  the  difficulty  created  by  tbla  misiace  which  hoii  cryBtallised  in 
phydological  writings,  Waller  has  saggested  new  tetios,  vi%^  tificactiv^  and 
zhu*nMt\  instead  of  negatire  and  positive  reBpectively. 

The  Bheoscopie  Frog. 

The  electrical  changes  m  muscle  ean  be  detected  bj  a  much 
limpler  instrument  than  the  galvanometer  or  electrometer     Thii 
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ti  known  m  the  phpBiological  riuowopey  and  eonsista  of  an 
ordinftTj  muscle-nerve  preparatiOTi  from  a  fresh  and  vigorous  frog* 
The  nerre  is  stimulated  by  the  electrical  changes  occiiiTing  in 
miaseles,  and  the  nervous  impulse  so  generated  causes  b.  contrac- 
HoQ  of  the  muscles  of  the  rheoscopic  preparation.  The  following 
e  the  principal  eitperimcnts  that  can  be  shown  in  thia  way  : — 
I*  Conifnction  withmit  metals.  If  the  nerve  of  a  nerve-ranscle 
[preparation  A  is  dropped  upon  another  muscle  B  (or  upon  ita  own 


Fig.  171.— OeJtiuu'i  experiiELent  wtthaat  otelnb. 

FiBUflcle)  it  will  be  stimulated  by  the  injury  current  of  the  mnscle 
00  which  it  is  dropped,  and  lead  to  a  contraction  of  the  muscle  (A) 
which  it  supplies.  The  experiment  succeeds  best  if  the  nerve  is 
dropped  across  a  longitudinal  surface  and  a  freshly  made  trans- 
Terse  section, 
^K    2.  Se^^mdar^  e&ntraetion.     This   is  caused  by  the  current  of 


Pig.  171,— Secondiix  ocmtrnftioti.    [ After  Waller.  1 

action*  If,  while  the  nerve  of  A  is  resting  on  the  muscle  B,  the 
latter  ia  made  to  contract  by  the  stimulation  of  its  nerve ;  the 
Derve  of  A  is  stimulated  by  the  electrical  variation  which  accom- 
panies the  contraction  of  the  muscle  B^  and  so  a  contraction  of 
muscle  A  is  produced*  This  is  called  secondary  confraction.  It  may 
be  either  a  secondary  twitch  or  secondary  tetanus,  according  as  to 
whether  the  muscle  B  is  made  to  contract  singly  or  tetauically. 
3*  Secondary  contraction  from  the  heart.  If  an  excised  but  still 
kting  frog^s  heart  is  used  instead  of  muscle  B,  and  the  nerve  of 
hid  acxofis  it,  each  hearts  beat  accompanied  as  it  is  by  an 
electrical  variation,  will  stimulate  the  nerve  and  oause  a  twitch 
in  the  rheoscopic  muscle  A. 
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CHAPTER  XIII. 

THERMAL   AND   CHEMICAL   CHANGES  JN   MUSCLE. 

In  muscular  contraction  there  is  a  transformation  of  the 
potential  energy  of  chemical  aflBnity  into  other  forms  of  energy, 
especially  molar  motion  and  heat.  Heat  is  a  form  of  motion, 
in  which  there  is  movement  of  molecules ;  in  molar  motion 
there  is  movement  of  masses.  The  fact  that  when  a  blacksmith 
hammers  a  piece  of  iron  it  becomes  hot  is  a  familiar  illustration 
of  the  transformation  of  one  mode  of  movement  into  the  other. 
Heat  is  measured  in  heat-units  or  calories.  One  calorie  is  the 
energy  required  to  raise  the  temperature  of  i  gramme  of  water 
from  o°  to  1°  C. ;  and  this  in  terms  of  work  is  equal  to  42 5*5 
gramme-metres,  that  is,  the  energy  required  to  raise  the  weight 
of  425*5  grammes  to  the  height  of  i  metre. 

A  muscle  when  uncontracted  is  nevertheless  not  at  abBolute  rest. 
We  have  already  seen  that  it  possesses  tonus  or  tone;  it  also 
possesses  what  we  may  call  chemical  tone ;  that  is,  chemical 
changes  are  occurring  in  it,  and  consequently  heat  is  being  pro- 
duced. But  when  it  contracts,  the  liberation  of  energy  ia 
increased  ;  work  is  done,  and  more  heat  is  produced ;  the  heat 
produced  represents  more  of  the  energy  than  the  work  done.  The 
more  resistance  that  is  offered  to  a  muscular  contraction,  the 
more  is  the  work  done  relatively  increased  and  the  heat  diminished. 
The  amount  of  heat  prodiiced  is  increased  by  increasing  the 
tension  of  the  muscle.  It  <]iniinishcs  as  fatigue  comes  on.  On 
increasing  the  strength  of  the  stimulus  the  amount  of  heat 
increases  faster,  pr()jX)rtionately,  than  the  work  performed. 

If  work  is  done  by  a  few  large  contractions,  more  heat  is  pro- 
duced than  if  the  same  work  is  done  by  a  larger  number  of  smaller 
contractions ;  that  is,  more  chemical  decomposition  occurs,  and 
fatigue  ensues  more  rapidly  in  the  first  case.  This  fact  is  within 
the  personal  experience  of  everyone.  If  one  ascends  a  tower,  the 
work  done  is  the  raising  of  the  weight  of  one's  l>ody  to  the  top  of 
the  tower.  If  the  staircase  in  the  tower  has  a  gentle  slope,  each 
stair  being  low,  far  less  fatigue  is  experienced  than  if  one  ascended 
to  the  same  height  by  a  smaller  number  of  steeper  steps. 

On  a  cold  day  one  keeps  oneself  warm  by  musciilar  exercise ; 
this  conmion  fact  is  confirmed  by  more  accurate  experiments  ob 
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isolated  muscles,  the  heat  produced  being  sufficient  to  raise  tempo^ 
rarily  the  temperature  of  the  muscle.  This  can  be  shown  in 
large  animals  by  inserting  a  thermometer  between  the  thigh 
muscles  and  stimulating  the  spinal  cord.  The  rise  of  temperature 
may  amount  to  several  degrees. 

In  the  case  of  frog's  muscles,  Helmholtz  found  that,  after 
tetanising  them  for  two  or  three  minutes,  the  temperature  rises 
0*14^  to  o'i8^  C. ;  and  for  each  single  twitch  Heidenhain  gives  a 
rise  of  temperature  of  from  o'ooi°  to  0*005°  ^• 

For  the  detection  of  such  small  rises  in  temperature  a  thermo* 
pile,  and  not  a  thermometer,  is  employed. 

A  thermopile  consists  of  a  junction  of  two  different  metals ;  the 
metals  are  connected  by  wires  to  a  galvanometer.  If  the  junction 
k  heated  an  electrical  current  passes  round  the  circuit^  and  is 


t  /  Couple.  2  Couples.  3  Couplee, 

"  Tig.  X73.— 8ohem«  of  thermo-electiio  oonplee.    (After  Waller.) 

detected  by  the  galvanometer.  The  metals  usually  employed  are 
iron  and  German  silver,  or  antimony  and  bismuth.  If  the  number 
of  couples  in  the  circuit  is  increased,  each  is  affected  in  the 
same  way,  and  thus  the  electrical  current  is  increased  through 
the  galvanometer.  The  arrangement  is  shown  in  the  fig.  173, 
which  also  indicates  the  direction  of  the  currents  produced,  the 
metals  employed  being  antimony  and  bismuth.  By  using  16 
couples  of  this  kind  Helmholtz  was  able  to  detect  a  change  of 
i^^  of  a  degree  Centigrade. 

Within  certain  limits,  the  strength  of  the  current  is  directly 
proportional  to  the  rise  of  temperature  at  the  junction. 

If  two  couples  are  in  circuit,  as  shown  in  the  second  diagram, 
and  they  are  heated  equally,  no  current  will  pass  through  the 
galvanometer,  the  current  through  one  couple  being  opposed  by 
the  current  through  the  other.  But  if  the  two  couples  are  heated 
unequally,  the  direction  of  swing  of  the  galvanometer  needle 
indicates  which  is  the  warmer.  To  apply  this  to  the  frog's  gastro- 
cnemius, plunge  several  needle-shaped  couples  (diagram  3)  into  a 
frog's  gastrocnemius  of  one  side  and  the  same  number  of  couples 
into  the  gastrocnemius  of  the  other  side,  and  then  excite  first  one 
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then  the  other  sciatic  neryc  ;  ^  defection  of  the  galvanometer  will 
be  observed  iiret  in  one,  then  in  the  other  direction,  indicating  the 
production  of  heat  first  on  one  side,  then  on  the  other. 


Chemical  Changes  in  Muscles. 

The  chemical  changes  which  are  normally  occurring  in  a  resting  ^ 
muscle  are  much  increased  when  it  contracts.  Wast©  products  of 
oiidation  are  discharged,  and  tbe  most  abundant  of  these  is  carbonic 
acid,  Sarco-lactic  acid  is  also  produced,  and  the  alkaline  reaction 
of  a  normal  muscle  is  replaced  by  an  acid  one.  The  muscles  of 
animals  hunted  to  death  are  acid  ;  the  acid  reaction  to  Ittmua  paper 
of  a  frog'a  gastrocnemiua  can  be  readily  shown  after  it  has  been 
tetanised  for  lo  to  15  minutes,  | 

The  quantity  of  oxygen  consumed  is  inoreaaed^  but  the  oon- 
«umption  of  oxygen  will  not  acconnt  for  the  much  greater  m crease 
in  the  discharge  of  carbonic  acid.  This  is  illustrated  by 
following  table : — 


Tenom  Bl<wd. 

0.  ta»t]u& 
Aiteri&l  Blood. 

CK>t  morethftn 
Ajteiia  mood. 

Of  resting  mtiBcle,., 

9  per  cent. 

671  per  cent 

Of  active  muflole  ... 

1 2 '2(5  per  cent. 

1079  per  cent. 

Indeed,  a  muscle  can  be  made  to  contract  and  give  off  oxidation 
products  like  carbonic  acid  in  au  atmosphere  containing  no  oxygen 
at  all.  The  oxygen  used  is  thus  stored  up  in  the  muscle  pre- 
viously. Hermann  has  supposed  that  the  oxygen  enters  into 
the  formation  of  a  complex  hypothetical  compound  he  calls  tnogen. 
On  contraction  he  considers  this  is  broken  up  into  carbonio  acid, 
sarco-lactic  acid,  and  a  proteid  residue  of  myosin. 

There  are  other  chemical  changes  in  the  mu«ele  when  it 
contracts— oameljj  a  change  of  glycogen  into  sugarj  and  an 
increase  of  nitrogenous  waste.  The  question  whether  urea  is  in- 
creased during  muscular  activity  is,  however,  a  much  debated  one, 
and  we  shall  return  to  it  when  we  are  studying  the  uriue.  What 
is  certain  is  that  the  increased  consumption  of  carbon  (possibly  in 
large  measure  derived  from  the  carbohydrate  stored  in  the  muscle) 
is  a  much  more  marked  and  immediate  feature  than  an  increase 
in  the  oonsuuiption  of  nitrogen. 
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If  the  nerre  of  a  nerre-miuicle  preparation  is  ooDtmuallj 
dul&tedy  the  muscular  cod  tract  ious  become  more  prolonged 
^p*  134),  smaller  in  extent,  and  finally  cease  altogether. 
The  muscle  is  said  to  be  fatig\ied :  this  is  due  to  the  consump- 
on  of  the  substances  available  for  the  supply  of  energy  in  the 
ausclej  but  more  particularly  to  the  aecumulation  of  waste 
products  of  contraction ;  of  these,  sarco-laetic  acid  is  probably  the 
principal  one.  Fatigue  may  be  artificially  induced  in  a  muscle  by 
feeding  it  on  a  weak  solution  of  lactic  acid,  and  then  removed  by 
wu&hing  out  the  muscle  with  salt  solution  containing  a  minute 

PImce  of  an  alkali.     If  the  muscle  is  left  to  itaelf  in  the  bcwly,  the 
bood  stream  washes  away  the  accumulation  of  acid  products^  and 
(aiigue  passes  ofl\ 
The  qviestion  next  presents  itself,  where  is  the  seat  of  fatigue  ? 
li  it  in  the  nerve,  the  muscle,  or  the  end-plates  1    If,  after  fatigue 
has  enaned  and  excitation  of  the  nerve  of  the  preparation  produces 
^^o  more  contractions,  the  muscle  is  itself  stimulated,  it  contracts  ; 
^Miifi  shows  it  is  still  irritable,  and,  therefore,  not  the  seat  of 

If  an  animal  is  poisoned  with  curare,  and  it  is  kept  alive  by 
artiBcial  respiration,  excitation  of  a  motor  nerve  produces  no  con- 
traction of  the  muscles  it  supphes.  If  one  goes  on  stimulating  the 
nerve  for  many  hours,  until  the  effect  of  the  curare  has  disappeared, 
the  block  at  the  end -plates  is  removed  and  the  muscles  contract : 
the  seat  of  exhaustion  is  therefore  not  in  the  nervea. 
^^  By  a  process  of  ejcetusioo  it  has  thus  been  localised  in  the 
^Iberve-endiuga. 

When  the  muscle  is  fatigued  in  the  intact  body,  there  is,  how- 
ever, another  factor  to  be  considered  beyond  the  mere  local 
poisoutng  of  the  end-plates.  This  is  the  effect  of  the  products  o! 
contraction  parsing  into  the  circulation  and  poisoning  the  central 
nervous  system.  It  is  a  matter  of  common  experience  that  one*s 
mental  state  influences  markedly  the  onset  of  fatigue  and  the 
amount  of  muscular  work  one  can  do.  This  aspect  of  the  question 
baa  been  specially  studied  by  Mosso ;  he  iuventetl  an  instrument 
called  the  rrgo^rapk.  The  ami,  hand,  and  all  the  lingers  hut  one 
are  fixed  in  a  suitable  holder ;  the  free  finger  repctitedly  lifts  a 
weight  over  a  pulley,  and  the  height  to  which  it  ia  raised  is 
registered  by  a  marker  on  a  blackened  surface. 

By  the  use  of  this  instrument  he  has  arrived  at  the  conclusion 

%t  the  state  of  the  bmiu  and  central  nervous  system  generally 


IS4 


CHANGES    m    MUSCLE, 


[oB.  xmT^I 


is  a  most  important  factor  in  fatigue,  and  that  the  fatigue  prodactA 
producad  in  the  muscles  during  work  cause  most  of  their  iiijuriou» 
effects  by  acting  on  the  central  nervous  system  and  diminishing 
it*  power  of  sending  out  impulses. 


Bigor  Mortis. 

After  deathj  the  muscles  gradually  lose  their  irritability  and 
pass  into  a  contracted  condition.  This  affect«  all  the  mustslea  of 
the  body,  and  usually  fixes  it  in  the  natuml  posture  of  equilibriunj 
or  rest  The  general  stiffening  thus  prodaoed  constitutes  rtgor 
mortis  or  posl-nwrtem  rigidity. 

The  cause  of  rigor  is  the  coagulation  of  the  miiscle-plasim, 
which  is  more  fully  described  in  the  next  section.  This  coagula- 
tion results  in  the  formation  of  m$foun^  and  is  gradual  in  onsets 
Simultaneously  the  muscles  (a)  become  thortfned  and  njKypAe^ 
(li)  keat  I  a  ewdvedj  (c)  ihri/  ^]tive  of  car^jonk  actd,  and  (d)  fteemm 
acid  m  reuciion ;  this  is  du^  in  part  to  the  formation  of  sareo^ 
lactic  acid,  and  in  part  to  the  formation  of  acid  phosphates. 

After  a  varying  interval,  the  rigor  passes  o%  and  the  muscles 
are  once  more  relaxed.  This  sometimes  oooura  too  (piickly  to  he 
caused  by  putrefaction^  and  the  Buggestion  that  in  such  eaaes  at 
any  rate  such  relaxation  is  due  to  a  ferment-action  is  very  plausible. 
It  is  known  that  pepsin  (absorbed  from  the  alimentary  canal)  ii 
present  in  muscle,  and  that  this  ferment  will  act  in  an  acid  medium* 
The  conditions  for  the  sobition  of  the  coagulated  myosin  are  there- 
fore present,  as  the  reaction  of  rigored  muscle  is  acid. 

Order  of  Occurr^tce, — The  muscles  are  not  affected  simul* 
taneously  l>j  rigor  mortis.  It  affects  the  netk  and  lower  jaw 
first ;  next,  the  upper  extremities,  extending  from  above  down- 
wards ;  and  lastly,  T^eaohe«  the  lower  limbi  ;  in  some  rare 
instances  it  affects  the  lower  extremities  before,  or  sitnul- 
taneoualy  with,  the  upper  extremities*  It  usually  ceases  in  the 
order  in  which  it  begins :  first  at  the  head,  then  in  the  upper 
extremities,  anrj  lastly  in  the  lower  extremities.  It  seldom  cK>m* 
mences  earlier  than  ten  mintites,  or  later  than  seven  hours  after 
death ;  and  its  duration  is  greater  in  proportion  to  the  lateness 
of  its  accession. 

Since  rigidity  does  not  ensue  until  musolee  have  lost  tht 
capacity  of  being  excited  by  external  stimuli,  it  follows  thai  all 
circumatances  wliich  cause  a  speedy  exhaustion  of  muscular  irri- 
tability,  induce  an  early  occurrence  of  the  rigidity,  while  oon* 
ditioos  by  which  the  disappearance  of  the  irritability  ia  delayed, 


CH.  XIII.]  CHEMISTRY    OF    MUSCLE.  155 

are  succeeded  by  a  tardy  onset  of  this  rigidity.  Hence  its  speedy 
occurrence,  and  equally  speedy  departure  in  the  bodies  of  persons 
exhausted  by  chronio  diseases ;  and  its  tardy  onset  and  long 
eontinuanoe  after  sudden  death  horn  acute  diseases. 

^  In  some  cases  of  sudden  death  from  lightnings  yiolent  injuries,  or 
^  psroxysms  of  passion,  rigor  mortis  has  been  said  not  to  occur  at  all ;  but 
this  is  not  always  the  case.  It  may,  indeed,  be  doubted  whether  there  is 
really  a  complete  absence  of  the  post-mortem  rigidity  in  any  such  cases  ; 
for  the  experiments  of  Brown-S^uard  make  it  probable  that  the  rigidity 
may  supervene  immediately  after  death,  and  then  pass  away  with  such 
rapidity  as  to  be  scarcely  obserrable. 

The  occurrence  of  rigor  mortis  is  not  prevented  by  the  previous 
existence  of  paralysis  in  a  part,  provided  the  paralysis  has  not 
been  attended  with  very  imperfect  nutrition  of  the  muscular 
tisiue. 


Chemioal  Composition  of  Muscle. 

The  phenomena  of  rigor  mortis  will  be  more  intelligible  if  we 
spBsider  the  chemical  composition  of  muscle. 

The  connective  tissue  of  muscle  resembles  connective  tissue 
ehtvfaere  :  the  gelatin  and  fat  obtained  in  analyses  of  muscle  are 
derired  from  this  tissue.  The  sarcolemma  is  composed  of  a  sub- 
stenoe  which  resembles  elastin  in  its  solubilities. 

The  contractile  substance  within  the  muscular  fibres  is,  during 
life,  of  semi-liquid  consistency,  and  contains  a  large  percentage  of 
proteids  and  smaller  quantities  of  extractives  and  inorganic  salts. 
By  the  use  of  a  press  this  substance  can  be  squeezed  out  of  per- 
fectly  fresh  muscles,  and  it  is  then  called  the  muscle-plasma. 

After  death,  muscle-plasma,  like  blood-plasma,  coagulates  (thus 
causing  the  stiffening  known  as  rigor  mortis).  The  solid  clot 
corresponding  to  the  fibrin  from  blood-plasma  is  called  myosin,  and 
the  liquid  residue  is  called  the  musde-serum. 

Pursuing  the  analogy  further,  it  is  found  that  the  coagulation 
of  both  muscle-plasma  and  blood-plasma  can  be  prevented  by  cold, 
by  strong  solutions  of  neutral  salts,  and  by  potassium  oxalate, 
which  precipitates,  as  the  insoluble  oxalate  of  calcium,  the  lime 
salts  essential  for  the  coagulation  process.  In  both  cases  the 
clotting  is  produced  by  the  action  of  a  ferment  developed  after 
death.  In  both  cases  the  precursor  of  the  solid  clot  is  a  proteid 
of  the  globulin  class  which  previously  existed  in  solution. 

Fibrin  in  the  blood-clot  is  formed  from  the  previously  soluble 
Bhrint^en  of  the  blood-plasma.     Myosin    in  the  muacle-clot   is 
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formed  from  the  previously  Boloble  m^oiino^m*  of  the  musde- 
plastna.     When  the  blood-clot  contracts   it   squeezes  otit  blood- 
eerura ;  when  the  musele-clot  contracts  it  squeezes  out  musclt^ 
serum.    The  muscle-seruiu  contaius  small  quautitiea  of  albummout  - 
material,  together  with  the  extractives  (ind  salts  of  the  muficle.  | 
The  origin  of  the  sarcol actio  acid  is  a  controversial  queetion  ;  soma 
believe  it  originates  from  the  carbohydrate  (glycogen  and  sugar); 
others  think  it  cornea  from  the  proteid  molecules  in  the  tnnscle. 
The  general  composition  of  muscular  tissue  is  the  following  :■ —  ] 


Water    , 

Solids 

Proteids 

Gelatiu 

Fat 

Extractives 

Inorganic  salts 


per  cent 


75 

1 8 
2  to  5 


I   to  2  „ 


The  proteids,  as  already  statedp  chiefly  pass  into  the  clot :  very 
little  m  found  in  the  muscle^serum.  ^M 

The  eitrattives  comprise  a  large  number  of  organic  subetanocii^^ 
all  present  in  small  quantities,  some  of  which  are  nitrogenous^  like 
creatine,  creatinine,  xanthine,  and    bypoxanthine ;    the  rest  are  ^ 
Don-nitrogenous — namely,  fats,  glycogen,  sugar,  inosite,  and  tbe^^f 
variety  of  lactic  acid  kno^«rn  as  sarco-lactic  acid.     The  inorganic 
salts  are  chiefly  salts  of  potaBsium^  especially  potaesium  phosphate. 

The  condition  of  dead  muscle  reminds  one  some  what  of  con- 
tracted muscle.  Til  deed,  the  similarity  i«  so  striking  that  Her- 
mann has  propounded  the  idea  that  coutracted  muscle  is  muscle 
on  the  road  to  death,  the  difference  between  the  two  being  of  i 
degree  only.  He  considers  that,  on  contraction,  inof/en  (seei 
p,  15  a)  is  broken  up  into  carbonic  acid,  sareo-lactic  acid,  and  I 
myosin  ;  on  death  the  aam6  change  occurs,  only  to  a  much  morij 
marked  extent* 


•  The  myosin  precur&om  are  really  two  in  nu tuber,  |>anim jo«i  nogen*  whJcb 
ta  ooftgulated  by  heat  at  47-— 50',  and  myoainogen,  which  le  coAgulmted  by 
beat  at  56*  C. 

WbcQ  the  muscle  l&  gradually  lieated  at  a  certain  temperature  it  con- 
tTBCtfl  permanently,  and  l^isej*  its  irritability.  This  phenomenon  i»  called 
heat  riffor.  It  is  undoubtedly  due  to  the  coagulatiou  af  the  proteidi  Ell 
the  muHcle.  If  a  traciug  m  taken  of  the  ahortenin^^  it  is  found  that  the 
flpst  ihortenmg  occun  ftt  the  coagulation  tonipcrnture  of  paramyoftmogieii 
(47* — 50*) J  and  if  the  heating  i»  continne*!,  fi  secoiid  shortening  oct^itat 
56%  the  CiMgulation  i^miferature  of  myo«imof^^n.  If  Irofr's  muscles  are  \atdt 
there  are  three  shortcnijipB,  riK.»  at*  40%  47*  and  56*  C, :  frog's  aioscle- 
pla^ma  contaixifng  an  additional  proteid  which  ooagulatea  at  40*. 
BrodicO 
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rhis  idea  ie  a  far-fetched  one,  but  it  is  a  useful  reminder  of  the 
omilarities  of  tbc  two  cases.  In  chemical  conditio n,  coutmcted 
iod  dead  muscle  are  alike^  so  far  as  the  formation  of  acid  products 
IS  concenied ;  there  in,  however,  no  evidence  of  any  formation  of 
a  muicle-clot  (mjocin)  durin^^  the  conttaction  of  living  muscle,  as 
there  is  in  dead  muecle.  Then  heat  is  produced  in  both  cases, 
tnd  in  both  cases  also  the  muscle  is  negatively  electrical  to  un- 
oontracted  muscle. 

Here,  however,  the  analogy  must  end  :  for  living  coutmcted 
itiuscle  is  irritable,  dead  muscle  is  not.  Living  contracted  muscle 
is  more  ejctansible  than  uncontracted  muscle;  muscle  in  ri^or 
wKrHi  ia  uot  fto  (see  fig.  156,  p.  f  ;}4). 


CHAPTER    XIV. 


)MPARISON  OF  VOLUNTARY  AND  m VOLUNTARY  MUSCLE. 


Tax  main  difference  between  voluntary  and  involuntary  muscle 
IB  the  difiTerence  eipressed  in  their  names.     Voluntary  muscle  is 

*:  the  control  of  that  portion  of  the  central  nervous  system 
^tivity   of   which   is   accompanied    by    volition.     Involun- 
muscle  on  the  other  hand,   is,  as   a   rule,   also  under  the 
control  of  the  central  nervous  system,  but  of  a  portion  of  the 
Qtral  nervous  system  the  activity  of  which  is  independent  of 
bUtlon.     There  appear,  however,  to  be  exceptions  to  this  rule, 
nd  the  involuntary  muscle  executes  its  contractions  independently 
nervous  control ;  that  is  to  say,  it  is  sometimes  in  the  truest 
i  of  the  term  really  involuntary.     Thia  ia  very  markedly  seen 
the  developing  heart  of  the  embryo,  which  begins  to  beat 
[before  any  nerve  fibres  have   grown  into  it  from   the    central 
Tous  system. 

Another  characteristic  of  involuntary  muscle  is  a  tendency  to 

[re^ar  alternate  periods  of  rest  and  activity,  or  rhptkmiadUp, 

I  This  is  best  exemplified  in  the  heart,  but  it  is  also  seen  in  the 

lymphatic  vessek,  especially  the  lymph  hearts  of  the  frog,  and  the 

mesenteric  lymphatic   vessels  (lac teals)  of  many  animals.      It  is 

s«en  in  the  veins  of  the  bat's  wing,  and  in  the  muscutar  tissue  of 

^the  spleen, 

A  third  characteristic  of  involuntary  muscle  is  perista49i$.     If 
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snj  pgiiit  of  A  tube  of  smooth  muicU  such  as  the  amaU  miem 
is  stimulated,  &  riug-Hke  tjonstriction  is  produced  at  this  point* 
After  Wtiug  ^ome  time  at  tlus  spot  it  slowly  passes  aJong  tbe 
tube  iti  bo  til  directions  at  tbe  rate  of  20  to  50  millimetres  per 
second.  This  advaiictng  |}eristakic  wave  uorm&ily  ttikes  place  lu 
only  oue  direction,  atid  so  earvet  to  drive  on  the  ooutenta  of  tht 
tube. 

luvoluntiirj  muscle  nearly  always  contains  numerous  pleimfiet 
of  non-meiiullated  nerve-fibres  with  ganglion  cells ;  so  that  much 
disc usaion  has  taken  place  on  the  question  whether  tbe  pheuomenM 
of  rhythmicaUty  aud  pen^tatsui  are  properties  of  tho  muscular 
tissue  itself  or  of  tbe  uervea  mixed  with  it  The  evideuct 
available  (namely,  that  portions  of  muscular  tissue  entirely  ftM 
from  nerves  act  in  the  same  way  as  those  that  possess  nervet) 
indicates  that  it  is  the  mUBcuJar  rather  than  the  nervous  tissuei 
that  possess  these  properties  ;  tboiigb  it  can  hardly  be  doubted 
that  under  usual  circumstances  tbe  contraction  of  involuutmj 
muscle  is  influenced  and  controlled  by  nervous  agency. 

The  artificial  stimuli  employed  for  smooth  mujcle  are  the  Bam«^H 
as  those  used  for  striated  muscle ;  single   induction  shocks  ai^H 
often  ineS'ectual  to  produce  contmction,  but  the  make,  aud  to 
a  less  eitent  the  break,  of    a  constant  current   will   act  as  a 
stimulus. 

The  faradic  current  is  a  good  stimulufi,  but  it  uever  thioivv 
iuToluntary  muscle  Into  tetanus ;  in  the  heart,  strong  stimulation 
will  sometimes  effect  a  partial  fusion  of  the  beats,  but  never 
complete  tetanus,  The  rate  of  stimulation  makes  no  difference ; 
in  fact,  very  often  a  rapid  rate  of  stimulation  colls  forth  len 
rapidly  occurring  contractions  than  a  slow  rate. 

A  stimulus  strong  enough  to  produce  a  contraetloti  at  aU 
usually  elicits  a  maximum  contraction,  but  the  pheuomenjon 
known  as  the  itairecue  (see  p.  134)  is  generally  better  marked 
in  the  case  of  the  heart  than  in  that  of  voluntary  musele.  ^1 

The  con  tract]  on  of   smooth   muscle    is   so   sluggish   that  thf^l 
various  stages  of  latent  period,  shortening  and  relasatton  can  be 
followed  with  tbe  eye  ;    the  latent   period  often  exceeds  half  a 
second  in  duration. 

The  normal  contraction  of  voluntary  muscle  is  a  tetauuf 
(voluntary  tetanus) ;  tbe  nomiaJ  contraction  of  plain  muscle  is  a 
much  prolonged  tingle  contraction.  A  veiy  v^lunble  piece  of 
evidence  in  this  direction  is  seen  in  the  experiment  on  the  besrt 
with  the  physiological  rheoscope  (see  p.  149).  Each  timt  tho 
heart  contracts  the  rheoaeopic  preparation  executes  a  tingle 
twitch*  not  a  tetanus,      This  is  an  indication  that  the  electrioal 
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age  is  a  ungle  one,  and  not  a  fiuooaasioti  of  ehanges  such  aa 
cure  in  tetanus. 

When,  liowever,  this  single  electrical  change  la  eiaujined  with 
tie  electrometer^  it  h  seen  that  it  really  m  a  diphasic  one,  It  is, 
3wever,  oialy  difiereut  in  degree  from  the  che^ige  which  produces 
be  Guirent  of  action  in  a  voluntary  muscle. 
If  a  voluntary  muscle  id  stitnulated  at  one  end,  a  wave  of 
contraction  travels  along  it  to  the  other.  Suppose  twg  points  of 
:  the  muscle  (a)  and  (6)  are  connected  by  non-polarisable  electrodes 
i  to  a  gaWanometer ;  as  soon  as  the  wave  of  contraction  reaches 
^J^«i),  this  point  becomes  negative  to  (6),  and  therefore  a  current 
^■Bows  from  (6)  to  (a)*  A  moment  later  the  two  points  are 
^Bquipotentialj  and  no  current  flows ;  a  thousandth  of  a  second 
^■Uter  this  balance  is  upset,  and  now  (b)  m  negative  to  (ti)  and  the 
^^^Ivanometer  needle  moves  in  the  opposite  direction*  The  varia* 
tion  is  here  also  diphasic ;  but  in  a  slowly  contracting  tissue  like 
be  heart-muscle  the  two  phases  are  separated  by  a  prolonged 
eriod  of  e(|ui potentiality,  and  thus  they  are  rendered  more  dis- 
The  illustrations  already  given  (figs*  167  and  168)  show 
ikis  fact  graphically. 


But  though  involuntary  moscle  cannot  be  thrown  into  tetanusj 
has   the  property  of  entering   into  a  condition  of   sustain  ad 
ction  called  tonus.     We  shall  have  to  consider  this  ques- 
^■#00  iigain  in  connection  with  the  plain  muscular  tissue  of  the 
^teriolBs, 

Involuntary  muscle  when  it  contracts  undergoes  thermal  and 
cheiuieal  changes  similar  to  those  we  have  dealt  with  in  the  case 
of  the  voluntary  mnscles. 

I  The  nerve^endings  io  involuntary  muscle  require  a^much  larger 
lose  of  ourare  to  affect  them  than  the  end-plates  in  voluntary 
Inuscle, 
'  The  phenomena  of  ri^or  martu  in  involuntary  muscle  have 
never  been  fully  studied.  What  has  been  found  is  that  the 
chemicMil  composition  of  involuntary  muscle  differs  in  no  note- 
worthy manner  from  that  of  voluntary  muscle,  and  on  death  the 
muscle  becomes  acid  ;  such  products  as  carbonic  acid  and  s^u-co- 
lactic  acid  are  formed.  In  the  heart,  stomach  and  utenis  rigidity 
i  has  been  noted,  but  in  the  case  of  the  other  involuntary  muscles 
it  has  never  been  satisfactorily  observed. 
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J-fth'ng  slugfiabljin  the  rheosc^pio  experitneot  above 
;  tit  the  two  phases  of  the  eleetrieal  changti;  will 
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CHAPTER  XV. 

PHYSIOLOGY  OF  NERVE. 

Many  points  relating  to  the  physiology  of  nerve  have  been 
already  studied  in  connection  with  muscle.  But  there  still  remain 
further  questions  upon  which  we  have  hardly  touched  as  yet» 

Classiflcation  of  Nerves. 

The  nerve  fibres  which  form  the  conducting  portions  of  the 
nervous  system  may  be  classified  into  three  main  groups,  according 
to  the  direction  in  wliich  they  normally  conduct  nerve  impulBes. 
These  three  classes  are  : — 

1.  Efferent  nerve  fibres. 

2.  Afferent  nerve  fibres. 

3.  Inter-central  nerve  fibres. 

I.  Efferent  or  cfntrifvjgal  nerves  are  those  which  oonduet 
impulses  from  the  central  nervous  system  (brain  and  spinal 
cord)  to  other  parts  of  the  body.  When  for  instance  there  ia  a 
wish  to  move  the  hand,  the  impulse  starts  in  the  brain,  and  travels  a 
certain  distance  down  the  spinal  cord ;  it  leaves  the  spinal  cord  by 
one  or  more  of  the  spinal  nerves,  and  so  reaches  the  muscles  <rf 
the  hand  which  are  thrown  into  contraction.  Such  nerves  are 
called  motor,  but  all  efferent  nerves  are  not  motor ;  some  caiue 
secretion  instead  of  movement,  and  others  may  cause  a  stoppage 
of  movement,  etc.  A  list  of  the  classes  of  efferent  nerves  is  as 
follows : — 

a.  Motor. 

6.  Accelerator. 

c.  Inhibitory. 

d.  Secretory. 

e.  ElectricfiJ. 
/.  Trophic. 

a.  Motor  nerves.  Some  of  these  go  to  voluntary  muscles ;  others 
to  involuntary  muscles,  such  as  the  vaso-motor  nerves  which 
supply  the  muscular  tissue  in  the  walls  of  arteries. 

b.  Accelerator  nerves  are  those  which  produce  an  increase  in 
the  rate  of  rhythmical  action.  An  instance  of  these  is  seen 
in  the  sympathetic  nerves  that  supply  the  heart. 
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e,  Inh^itaiy  nerrea  ure  those  which  catue  a  slowing  in  the  rate 
of  rhythmioL]  aijtion^  or  it  m&y  be  its  oomplate  cessation, 
Inhibitorj  oerv^  are  found  supplying  many  kinds  of  in- 
voluntary muscle ;  a  very  typical  iust^mce  is  found  in  the 
inhibitorj  fibres  of  the  heart  which  are  contained  within  the 
trunk  of  the  vagiia  nerve** 
rf.  Secretory  nerves  are  found  supplying  many  secreting  glands, 
such  as  the  salivary  glands,  pancreas,  gastric  glands,  and 
sweat  glands.  The  imptilse  which  travels  down  a  secretary 
nerve  causes  a  formation  of  the  secretion  in  the  gland  it 
supptiea. 
€,  Eiectrical  nerves  are  found  in  the  few  fislies  which  possess 
electrical  organs.  The  impulse  which  travels  down  these 
nerves  causes  the  electncal  organ  to  be  thrown  into 
activity* 
/,  TVophi^  nerves  are  those  which  control  the  nutrition  of  the 

part,  they  supply. 
1.  Afferoot  or  centripetal  nerves  are  those  which  conduct 
impulses  in  the  reverse  directiou,  namely  from  all  parts  of  the 
:y  to  the  central  nervous  system.  When  one  feels  pain  in  the 
;er,  the  nerves  of  the  finger  are  stimulated,  an  impulse  travels 
the  nerves  to  the  spinal  cord,  and  then  to  tlie  brain.  The 
ital  process  set  up  in  the  brain  is  called  a  sensation  ;  the 
mmtiou,  however,  is  referred  to  the  end  of  the  nerve  where 
the  impiUse  started,  and  the  sensation  of  pain  does  not  appear 
n  occur  in  the  brain,  but  in  the  huger.  This  is  an  instance 
*^trf  a  sensory  nerve ;  and  the  terms  afferent  and  sensory  may 
oft«n  be  used  synonymously*  The  nerves  of  sensation  may  be 
grouped  as  follows  :— 

a*  The  nerves  of  special  sense ;  that  is,  of  sightj  hearing,  taste, 

smell  and  touch. 
L  The  nerves  of  general  sensibility  ;  that  is,  of  a  vague  kind  of 
sensation  not  referable  to  any  of  the  five  special  senses  just 
enumerated  ;  as  instances,  we  may  take  the  vague  feelings 
of  comfort  or  discomfort  in  the  interior  of  the  body. 
c.  Nerves  of  palm     These  do  not  appear   to  be  anatomically 
distinct  from  the  others^  but  any  excessive  stimulation  of  a 
sensory  nerve  whether  of  the  special  or  general  kind   will 
cmuae  pain* 
The  words  **  sensory  '*  and  **  afferent,"  however,  are  not  quite 


•  The  question  has  been  much  debated  whether  Toluntmiy  muick  ii  pro- 
rld«d  with  inhibitory  nertes  ;   they  do,  however,  appear  to  be  pfftsent  in 
;rt*in  nerves  supplying  the  mufides  of  the  clawi*  of  lobslcrs  aad  similar 
-Dit&ceans. 
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synonymous.  Just  as  we  may  have  efferent  impolfles  leftTUig 
the  brain  for  the  lieart  or  blood-vessels  of  which  we  have  no 
conscious  knowledge,  so  also  afferent  impulses  may  travel  to  the 
central  nervous  system  which  excite  no  conscious  feelings^  The 
afferent  nerve  tracts  to  the  cerebellum  form  a  yeiy  good 
instance  of  these. 

Then,  too,  the  excitation  of  many  afferent  nerves  will  e]^te 
what  are  called  reflex  actions.  We  are  very  often  consciouB  of 
the  sensations  that  form  the  cause  of  a  reflex  action,  but  we  do  not 
necessarily  have  such  sensations.  Many  reflex  actions,  for  instance^ 
occur  during  sleep ;  many  may  be  executed  by  the  spinal  cord 
even  after  it  has  been  severed  from  the  brain,  and  so  the  bnin 
cannot  be  aware  of  what  is  occurring. 

A  reflex  action  is  an  action  which  is  the  result  of  an  afferent 
impulse.  Thus  a  speck  of  dust  falls  into  the  eye,  and  causes 
movements  of  the  eyelids  to  get  rid  of  the  offending  object.  The 
dust  excites  the  sensory  nerve-endings  in  the  conjunotiva,  an 
impulse  travels  to  the  centre  of  this  nerve  in  the  brain,  and  from 
the  brain  a  reflected  impulse  travels  to  the  muscles  of  the 
eyelid.  As  an  instance  of  a  reflex  action  in  which  secretion 
is  concerned,  take  the  watering  of  the  mouth  which  occun 
when  food  is  seen  or  smelt.  The  nerves  of  sight  or  smdl 
convey  an  afferent  impulse  to  the  brain,  which  reflects,  down  the 
secretory  nerves,  an  impulse  which  excites  the  salivary  glands  to 
activity. 

These,  however,  are  instances  of  reflex  action  which  are 
accompanied  with  conscious  sensation,  but  like  all  pure  reflex 
actions  are  not  under  the  control  of  the  will 

An  instance  of  a  reflex  action  not  accompanied  with  conscious- 
ness is  seen  in  a  man  with  his  spinal  cord  cut  across  or  crushed, 
so  that  any  communication  between  his  brain  and  his  legs  is 
impossible.  He  cannot  move  his  legs  voluntarily  and  is  un- 
conscious of  any  feelings  in  them.  Yet  when  the  soles  of  his 
feet  are  tickled  he  draws  his  legs  up,  the  centre  of  reflex 
action  being  in  the  grey  matter  of  the  lower  region  of  the 
spinal  cord. 

For  a  reflex  action,  three  things  are  necessary  :  ( i )  an  afferent 
nerve,  (2)  a  nerve-centre  consisting  of  nerve-cells  to  receive  the 
afferent  impulse  and  send  out  an  efferent  impulse,  and  (3)  an 
efferent  ner\'e  along  which  the  efferent  impulse  may  travel.  If 
the  reflex  action  is  a  movement,  the  afferent  nerve  is  called 
excito-motor ;  if  it  is  a  secretion,  the  afterent  nerve  is  called  exeito- 
secretory  J  and  similarly  afferent  nerves  may  also  be  excito-accdertUor^ 
excifo-inhibitory,  etc. 
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Intei^ecitral  uervea  are  thoee  which  connect  nerre-oentrea 
they  eonueet  different  [mrtB  of  bram^  and  of  the  cord 
[to one  another,  and  we  shall  find  in  our  study  of  the  nerve-centrea 
that  they  are  complei  in  thoir  arrangoment. 


ItiTestigation  of  the  Functions  of  &  Tferve, 

There  are  always  two  main  eiperiments  by  which  the  function 
I  of  &  nerTe  may  be  ascertained.     The  fii^t  ia  section^  the  second  is 

Section  consists  in  cutting  the  nerve  and  obserying  the  lose  of 
f  function  that  ensues.  Thus,  if  a  motor  nerve  is  cut,  motion  of 
I  the  muscles  it  supplies  can  no  longer  be  produced  by  activity 
1  of  the  nerve-centre ;  the  muscle  ia  pamtjmed.  If  a  senflory  nenre 
i  it  cutf  the  result  is  loss  of  sensation  in  the  part  it  comes  from, 

StiTnuifttwn  of  the  eut  nerve  is  the  opposite  experiment. 
When  a  nerve  is  cut  across,  one  piece  of  it  is  still  connected 
with  the  hwn  or  spinal  cord ;  this  is  called  the  central  mid ;  the 
I  o^jCt  piece,  called  the  pmpheral  atd^  is  still  connected  with  some 
I  ptriphenij  part  of  the  body.  Both  the  central  and  the  peripheral 
end  should  be  stimulated  ;  this  is  usually  done  by  means  of 
action  shocks.  In  the  case  of  a  motor  nerve,  stimulation  of 
I  central  end  produces  no  result ;  stimulation  of  the  peripheral 
md  produces  a  nervous  impulse  which  excites  the  muscles  to  con- 
UtCt.  In  the  case  of  a  sensory  nerve,  stimulation  of  the  peripheral 
nod  has  no  result,  but  stimulation  of  the  central  end  causes  a 
aensation,  usually  a  painful  one,  and  reflex  actions,  which  are  the 
result  of  the  sensation* 


When  a  nerve  Is  cut  across^  there  are  other  results  than  the 
loss  of  function  just  mentioned ;  for  even  though  the  nerve  is 
itill  left  within  the  body  with  a  normal  supply  of  blood,  it 
becomes  less  and  less  irritable,  till  at  last  it  ceases  to  respond  to 
fttimuli  altogether.  This  diminution  of  excitability  start*  from 
the  point  of  section  and  travels  to  the  periphery,  but  is  tem- 
porarily preceded  by  a  wave  of  iucreased  excitability  travelling  in 
the  same  direction  (Ritter-Valli  law). 

Tills  loss  of  excitability  of  nerve  is  accompanied  with  degen- 
erative changes  which  are  of  bo  great  importance  as  to  demand  a 
aepanitc  section. 

Degeneration  of  Nerve* 

SupjKMie  ft  nerve  is  cut  right  across,  the  piece  of  the  nerre  left 
tiuectiou  with  the  brain  or  spinal  cord  remains  healthy  both 

^1 
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in  structure  and  functions  ;  but  the  peripheral  piece  of  the  nerre 
losee  its  functions  and  undergoes  what  is  generally  called  after 
the  di&ooverer  of  the  process,  Wallerian  degeneratum,  A  nerve  is 
made  up  of  nerve-fibrea,  and  each  nerve-fibre  is  esaentially  a  bmoch 
of  a  nerve-cell ;  when  the  nerve  is  cut,  the  aiis  cylinders  in  the 
peripheml  portion  are  separated  from  tbe  cells  of  whieh  they  aie 


^my 
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{.  174,— D«geDeT»tloii  md  regeiiet»tiols  of  nelre-flbra.    a,  Dezne^abn^  fifty  boon  after 
Ofpcfmtiaii.    m  u*  iB«daU«]7  iheath  b(r«flkuxg-tip  Into  myelm  drofMr    |»,  vtbhuIju  fimto* 
i±_  1  primitive  Mheath.     v,  nem-nbfrB  iiter  fonr 


3aji.  «w,  uuinflmd«T  pvUt  brokeii  up  &nd  <iidofliC'd  m  portiua«  of  mjcliii.  c, «  motr 
»d\1lll(^«a  vta^e  m  which  tfaje  meduUur  BheAth  tiMn  AloicHt  diuppeii^d.  Ifvmetvat 
Dudfd,  n"  Are  KQi.  i\  commendnv  iwuemtton ;  iwrsml  flhtn  (C,  ^')  liftnflwimttd 
from  tha  Knaevliflt  biilbouii  cut  and  (fr)  «f  the  ihem.  o,  ui  b^a  erlfcridtt  ■»iJ«%  bu 
not  yet  iioqait^  it*  meduUAry  Bihe«th.    t^  /  pnmitiTe  ahe^lh  of  Iho  odsfnal  flbn 

bronobes  and  from  which  they  have  grown*  These  sepamted 
portions  of  the  axis  cylinders  die,  and  the  medullary  sheath  of 
each  undergoes  a  gradual  process  of  diaintegration  into  dropleU 
of  myelin,  which  are  ultimately  absorbed  and  removed  by  the 
lymphatics.  At  the  same  time  there  is  a  multiplication  of  the 
nuclei  of  the  primitive  sheath.     This  degenerative  process  begins 
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or  two  days  after  the  Bection  has  been  made.     In  the  case 
the  uou-modtillated  fibres,  there   is  no  medullary  sheath   bo 
thibit  the  dmintegration  changes  just  alluded  to  ;  and  the  nuclei 
the  abeath  do  not  multiply  ;  there  i^  simply  death  of  the  axla 
flinder.     The   degeneration    occurs    simultaneously  throughout 
lie  whole  extent  of  the  nerve ;  it  does  uot  start  from  the  section 
lid  tntvel  to  the  periphery. 
A  great  amount  of  attention  has  been  directed  to  this  process 
degeneration,  because   it  has  formed  a  valuable   method  of 
ch  in  tracing  nervous  tracts,  and  ascertaining  the  nerve-cells 
Dm  which  they  originate.     It  must  not,  however,  be  regarded  aa 
isolated  phenomenon  in  physiology ;  it  is  only  an  illustration 
the  univereal  truth  that  uuy  portion  of  a  cell  (lu  this  case 
be  axis  cylinder  procesa)  cut  off  from  the  nucleus  of  the  cell 
id^^nerates  and  dies. 

B  If  a  nerve  ia  simply  cut^  and  allowed  to  heal,  regeneration  of 
^n<3tion    in    time   occurs*      This   is    hastened   by    the   surgeon 
suturing  the  cut  ends  of  the  nerve  together.     It  must  not,  how- 
ever, be  supposed  that  this  ia  due  to  a  restoration  of  the  structure 
«l  the  fibres  in  the  peripheral  portion  of  the  cut  oerve.     It  is 
Mfx%  to  new  nerve-fibres  sprouting  out  from  the  central  end  of  the 
Hit  nerve,  and  growing  distalwards  in  the  old  sheaths.     This  is 
Bostrated    in   D,   fig,    174.     Regeneration   of   cut  fibres   never 
^ecur«  in  the  brain  or  spinal  cord. 

When  regeneration  does  not  take  place,  the  central  ends  of  the 
at  fibres  and  the  cells  from  which  they  originate  undergo  slow 
ahic  changes  {dmi^e  atmpky). 


FuBctiozia  of  the  Boote  of  the  Spinal  ITorves. 

The  general  truths  enunciated  in  the  two  preceding  sections 

well  illustrated  by  the  experiments  made  to  determine  the 

nctions  of  the  roots  of  the  spinal  nen^es.     Each  spinal  nerve 

Otigitmtes  from  the  spinal  cord  by  two  roots.     One  of  these  is 

tailed  the   animor  or  ventral    root :    it  consists  of  nerve-fibres 

which  originate  from  the  large  multipolar  cells  in  that  portion  of 

the  grey  matter  in  the  interior  of  the  spinal  cord  which  we  ihall 

pretantly  learn  to  call  the  anterior  horn.     These  nerve-fibres  are 

aU  medulla  ted  ;  the  large  ones  join  up  with  the  posterior  root  to 

^fm  the  spinal  nerve ;  the  small   nerve-fibres  leave  the  root  and 

■wn  to  the  sympathetic  chain,  whence  they  are  distributed  as 

Tun-medullated  fibres  to  the  involuntary  muscular  fibres  of  the 

Uood-vesielB,  etc. 


i66 


PHYSIOLOGY    OF    NERVE. 


[CB.  XT. 


The  other  root,  the  posterior  or  donal  root,  has  upon  it  a  wA- 
lection  of  nerve-cells  forming  the  spinal  ganglion.  Each  nerve- 
cell  is  enclosed  within  a  nucleated  sheath  of  connective  tissue 
origin,  and  it  is  from  these  nerve-cells  that  the  fibres  of  the 
posterior  roots  grow.  In  the  embryo,  each  nerve-cell  has  two 
processes  (fig.  175,  a),  one  of  which  grows  to  the  spinal  cord, 
where  it  terminates  by  branching  around  the  multipolar  cells  of 
the  grey  matter ;  the  other  process  grows  outwards  to  the  peri- 
phery. In  the  adult  mammal  (not  in  fishes)  the  two  processes 
coalesce  in  the  first  part  of  their  course,  forming  a  T-shaped  junction. 
The  first  experiments  on  the  functions  of  the  spinal  nerve-roots 

were  performed  in  this 
country  by  Sir  Charles 
Bell  (181 1),  and  in 
France  by  Magendie 
(1822).  These  observers 
found  that  on  section  of 
the  anterior  roots  there 
resulted  paralysis  of  the 
muscles  supplied  by  the 
nerves ;  on  section  of 
the  posterior  roots  there 
was  loss  of  sensation. 
These  experiments 
clearly  pointed  to  the 
conclusion  that  the  an- 
terior roots  contain  the 
efferent  (motor)  fibres; 
and  the  posterior  roots 
the  afferent  (sensory) 
fibres.  This  conclusion 
was  confirmed  by  the 
experiment  of  stimula 
tion.  Stimulation  of  tlio  peripheral  end  of  the  cut  anterior 
root  caused  muscular  movement ;  of  the  central  end,  no  effect 
Stimulation  of  the  central  end  of  the  cut  posterior  root 
caused  pain  and  rcUex  movements;  of  the  peripheral  end^  no 
eflect 

Bennn-rnt  stnnhility. — One  of  the  statements  just  made  requires 
a  slight  inodifioation ;  namely,  excitation  of  the  j)eripheral  end  of 
a  diviileil  antorior  root  will  evoke  pain  and  reflex  movements,  as 
well  as  direct  movements  ;  that  is  to  say,  the  anterior  root  though 
composed  mainly  of  motor  fibres  contains  a  few  sensory  fibres 
comintr  probably  from  the   membranes  of  the  spinal  oord,  and 


Fig.  175.-  A,  BifMtlar  cell  fmiii  Hpinal  pinfrlion  of  a 
4^  weoltM  i-nibno  iiftor  llin;.  n,  nuflcuH ;  the 
arrowH  indicate  the  din'ctiun  in  whirh  the  ner\-e 
imtcewM^M  >m»w,  one  to  the  Hjnnal  oord.  the  other 
t4>  the  i)erii»hery.  ii.  a  <;ell  fmm  the  ^JlinllI  tnuijr- 
lionof  the  adult;  thetWf»])r«io<'SHesha\ei'».il«'S4 -d 
to  forui  a  T-^hap«l  juiieti'di. 


CR.XT.] 


WALLBRIAN    DBGEKBRATIOK. 


167 


Posterior  Root 


Spinal  Nerve- 


Fig.  176.— Diagram  to  illoatrate  recurrent 
sensibility. 


then  numing  into  the  posterior  root  with  the  rest  of  the  sensory 
fibres.  They  often,  however,  run  down  the  mixed  nerve  a  con- 
siderable distance  before  returning  to  the  posteriOT  roots. 

The  adjoining  diagram  illus- 
trates the  course  of  one  of  these 
recurrent  fibres  (r) ;  the  arrows 
represent  the  direction  in  which 
it  conveys  impulses. 

Dtgeneration  of  roots,  —  The 
facts  in  connection  with  this  sub- 
ject were  made  out  by  Waller 
(1S50),  and  may  be  best  under- 
stood by  referring  to  the  next 
diagram. 

A  represents  a  section  of  the 
mixed  nerve  beyond  the  union 
of  the  roots;  the  whole  nerve 
beyond  the  section  degenerates, 
and  is  shaded  black. 

B  represents  the  result 
of  section  of  the  anterior 
root ;  only  the  anterior  root- 
fibres  degenerate ;  the  sen- 
sory fibres  of  the  posterior 
root  remain  intact.  The 
small  medullated  nerve- 
fibres  (not  shown  in  the 
diagram)  also  degenerate 
as  far  as  the  ganglion  cells 
of  the  sympathetic  system 
with  which  they  communi- 
cate. The  recurrent  sensory 
fibres  in  this  root  do  not 
degenerate  with  the  others, 
but  are  found  degenerated 
in  the  part  of  the  anterior  root  attached  to  the  spinal  cord. 

Section  of  the  posterior  root  always  produces  the  same  phy- 
siological effect  (loss  of  sensation)  *  wherever  the  section  is  made, 
but  the  degeneration  effect  is  different  according  as  the  section  is 
made  on  the  proximal  or  distal  side  of  the  ganglion.  If  the  section 
is  made  beyond  the  ganglion,  the  degeneration  occurs  as  shown  in 

♦  In  order  to  obtain  any  appreciable  loss  of  sensation,  it  is  necessary  to 
divide  several  posterior  roots,  as  there  is  a  good  deal  of  overlapping  in  the 
peripheral  distribution  o^the  fibres. 


Fig.  177.— Diagram  to  illustrate  Wallerian  de- 
generation of  nerve-roots. 
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C  beyond  the  section  in  the  peripheral  portion  of  the  posterior 
root-fibres ;  the  anterior  root  remains  intact  except  for  the  recur- 
rent sensory  fibres  which  it  contains.  If  the  section  is  made  u 
in  D,  between  the  ganglion  and  the  cord,  the  only  piece  that 
degenerates  is  the  piece  severed  from  the  ganglion  and  running 
into  the  cord ;  these  fibres  may  be  traced  up  in  the  posterior 
column  of  the  spinal  cord  until  they  terminate  in  grey  matter, 
which  they  do  at  different  levels.  The  whole  of  the  sensory 
fibres  including  the  recurrent  ones  which  are  still  attached  to 
the  ganglion  remain  histologically  healthy. 

The  next  figure  is  one  of  the  original  illustrations  made  by  Dr. 
Waller,  and  not  published  until  the  publication  of  his  son's  teit- 

book  quite  recently.  I  am  indebted  to 
the  present  Dr.  Waller  for  permianoo 
to  reproduce  it. 

These  facts  of  degeneration  teach 
us,  what  we  also  learn  from  the  studj 
of  embryology,  that  the  nerve-fibrei 
of  the  anterior  root  are  connected  to 
the  nerve-cells  within  the  spinal  cord, 
while  the  posterior  root-fibres  an 
connected  to  the  cells  of  the  spinal 
ganglia;  or,  to  put  it  another  way, 
4;he  trophic  centres  which  control  the 
nutrition  of  the  nerve-fibres  are  situated 
within  the  cord  for  the  anterior  rootle 
and  within  the  spinal  ganglia  for  the 
posterior  roots. 


Fig.  178. — Gioapi  of  ^brcfl  from 
the  anterior  and  poaterior 
roots  seToral  days  after  sec- 
tion of  both  roots  close  to  the 
Qord ;  the  anterior  fibres  are 
degenerated ;  the  posterior, 
being  still  in  connection  with 
the  nerve-cells  from  which 
they  grew,  are  normal. 


Changes  in  a  Nerve  during 

Activity. 
When  a  nerve  is  stimulated,  the 
change  produced  in  it  is  called  a 
nervous  impulse ;  this  change  travels 
along  the  nerve,  and  the  propagation  of  some  change  is  evident 
from  the  effects  which  follow :  sensation,  movement,  secretion,  &o.; 
but  in  the  nerve  itself  very  little  change  can  be  detected.  There 
is  no  change  in  form ;  the  most  delicate  thermo-piles  have  failed  to 
detect  any  production  of  heat,  and  we  are  also  ignorant  of  any  chemi- 
cal changes.  The  only  alteration  which  can  be  detected  as  evidence 
of  this  molecular  change  in  a  nerve  is  the  electrical  one.  Healthy 
nerve  is  iso-electric,  but  during  the  passage  of  a  nervous  impulse 
along  it  there  is^  a  very  rapid  diphasic  variation,  which  travels 
at  the  same  rate  as  the  nervous  impulse.     This  is  similar  to  the 
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diphamc  change  m  muscle,  which  we  have  alreadj  studied,  and 
OAQ  be  ddteotad  in  the  same  way. 


TelcKJity  of  a  Uerv©  ImpiaBe. 


A  nervous  impulse  is  not  electricity ;  compared  to  that  of  electri 
city  its  rate  of  propagation  is  extremely  slow,  it  has  been  measured 
motor-Derves  as  follows :  a  muscle-nerre  preparation  is  made 
ith  aa  long  a  nerve  m  possible  ;  the  nerve  is  stimulated  first  as 
aear  to  the  muscle,  and  then  aa  far  from  the  muscle,  as  possible. 
The  moment  of  stimulation  and  the  moment  of  commencing  con- 
traction is  measured  by  taking  muscle  tracings  on  a  rapidly  moving 
surface  in  the  usual  way,  with  a  time- tracing  beneath.  The  con- 
traction ensues  later^  when  the  nerve  is  stimulated  at  a  distance 
from  the  muscle,  than  in  the  other  case^  and  the  difference  in  the 
two  cases  gives  the  time  occupied  in  the  passage  of  the  impulse 
along  the  piece  of  nerve^  the  length  of  which  can  be  easily  measured. 

A  similar  experiment  can  be  performed  on  man  by  means  of  the 
transmission  myograph  (see  p.  129).  If  a  tracing  of  the  contrac- 
tion of  the  thumb  muacles  is  taken,  the  two  stimuli  may  be 
sueeessively  applied  through  the  moistened  skin,  first  at  the 
brachial  pleina  below  the  clavicle,  and  secondly,  at  the  median 
serve  at  the  bend  of  the  elbow, 

Another  method,  largely  employed  by  Bernstein,  is  to  take  the 
electrical  change  as  the  indiciition  of  the  impulse.  The  rheotome 
is  the  instrument  used.  If  tig.  1 69  (p.  145)  is  referred  to,  and  a  long 
nerve  substituted  for  the  muscle-nerve  preparation,  the  stimulus 
is  applied  at  one  end,  and  the  change  in  the  electrical  condition  of 
the  nerve  is  recorded  by  the  galvanometer,  which  is  connected  to 
the  other  end  of  the  nerve.  The  time  measurement  is  effected  by 
the  adjustment  of  the  rheotome,  which  must  be  such  as  to  tap  ofiT 
the  electrical  change  at  the  moment  it  occurs. 

The  rate  of  the  tranamission  of  uervous  impulses  discovered  by 
these  methods  is,  in  a  frog*8  motor-nerve,  28  to  30  metres  a  second ; 
m  human  motor-nerves,  ^^  metres  a  second;  in  sensory  nerves, 
30  to  33  metres  a  second. 


Direation  of  a  Herve  ImpiilBd. 


I 

^V  Nerve  impulses  are  conducted  normally  in  only  one  direction  i 
^Kb  efferent  nerves  from,  in  afierent  nerves  to^  the  nerve-centres. 
^■But  there  are  some  experiments  which  point  to  the  conduction 

occurring  under  certain  circumstancea  in  both  directions. 
Thus,  in  the  rheotome  experiment  just  described,  if  the  nerve 

li  stimulated  in  the  middle  instead  of  at  one  end,  the  electrical 
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change  (the  evidence  of  an  impulse)  is  fonnd  to  be  oonduoted 

t-ownrds  iKJth  e nek  of  the  nerve* 

Ktihne*K  gracilis  experiment  proves  the  same  point.  The  gmjCiHs 
mnscle  of  the  frog  (fig.  179)  h  in  two  portionB»  with  a  tendinous 
intersection^  and  supplied  by  nerve-fibres  that  branch  into  two 
bundles ;  excitation  strictly  limited  to  one  of  these  bundles,  after 
division  of  the  tendinous  iDtersectlon,  causes  both  portions  of  the 
muscle  to  eon  tract 

Older  experiments,  designed  to  prove  the  same  point,  were  per- 
formed by  Paul  Bert,     He  grafted  the  tip  of  a  rat's  tail  either  to 
the  back  of  the  same  rat,  or  to  the  nose 
^^^  of  another.    When  union  had  l>een  effectctl, 

^^^^^  the    tail    was   amputated   near   its   bo^, 

^^^^^k  ;^       After  a  time,  irritation  of  the  end  of  the 
^^^^K         trunk-like  appendage  on  the  back  or  nose 
W    ^^B        of  tbe  rat  gave  rise  to  sensation.     The 
J^^^^^J         impulse   thus   passed    from    base    to  tip, 
^^i^^^^^h         instead  of  from  tip  to  base,  as  forme rlj« 
w^*^  ^^^^Hl         This  experiment  does  not,  however,  prove 
^^^^Vg       the  point  at  all ;  for  all  the  original  nerve- 
^^^^v  fibres  in  the  tail  must  have  degenerated, 

^^^W  ^^^  ^he  restoration  of  sensation  was  due 

^^  to  new  fibres,  which  had  grown  into  the 

tail  Exaetiy  the  same  objection  holds 
to  another  series  of  experiments,  in  which 
the  motor  and  sensory  oerves  of  the  tongue  were  divided  and 
united  crosswise.  Restoration  of  both  movement  and  sensation 
does  oceur,  but  is  owing  to  new  nerve-fibres  growing  out  from  the 
central  stumps  of  the  cut  nerves. 


Fig. 


1 70. —Gracilis  iA  frog^ 
(After  Wilier.] 
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Chemistry  of  NerTOua  Tiasues. 

The  nervous  tissues  contain  a  large  amount  of  water;  it  Is 
present  in  larger  amount  {^$  to  90  per  cent,)  in  grey  matter  than 
in  white  matter  (about  70  p^r  cent.);  in  early  than  in  adult  life;  in 
the  brain  than  in  the  spinal  eord;  in  the  spinal  oord  than  in  nervea. 
The  solids  contain  : — 

Proteids  :  these  comprise  about  half  the  solid  matter  in  grey 
matter,  and  about  one -third  of  the  solid  matter  in  white 
matter  and  nerve.  In  other  words,  proteid  is  most  abundant 
where  the  cells  are  situated,  which  is  what  one  would  expect* 
The  proteids  found  are  nucleo-proteid  and  globulin* 
Albuminoids  :  (i)  neuro-keratin,  oontaiiied  within  the  white 
substance  of  Schwann  and  forming  the  chemioal   basis  of 
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neuroglia)  the  supporting   tissue  of  the  nerve-oentres ;  (2) 
nuclein,  from  the  nuclei  of  the  celb. 

Fatty  materials :  the  most  important  of  these  is  lecithin,  a 
complex  fat  containing  phosphorus  and  nitrogen,  in  addition 
to  carbon,  hydrogen  and  oxygen.    The  lecithin  in  the  nervous 
tissues  is  combined  with  cerebri n  ;  the  compound  so  formed 
is  called  protagon. 
.  Cerebrins  :  nitrogenous  substances  of  unknown  constitution, 
which  yield  a  reducing  sugar  (galactose)  on  hydration. 
Cholesterin :  a  crystalline  alcohol  which  we  shall  study  more 
fully  in  connection  with  bile,  where  it  is  also  found. 
Elxtractives,  similar  to  those  found  in  muscle,  but  in  veiy 
minute  quantity. 

Gelatin  and  fat  from  the  adherent  connective  tissue. 
Inorganic  salts. 

The  following  table  gives  some  of  the  quantitative  analyses  that 
have  been  made  of  the  solids  in  percentages  : — 


9' 
A. 


Portion  of 
Kenrooft  Syitem. 


Qrey  matter    \ 

of  Brain  .../ 

White    matter  1 

j    of  Brain    .../ 

iBpinal  Cord...... 

'Human  Sciatic  \ 
Nerve    / 


Nothing  is  known  of  the  changes  these  undergo  during  the 
activity  of  nerve.  It  is  possible  that  carbonic  acid  is  produced,  see 
p.  1 84.  When  nervous  tissues  die,  they,  like  muscles  and  all  organs 
of  the  body,  become  acid  from  the  development  of  lactic  acid. 

In  Walleriau  degeneration,  the  staining  reactions  indicate  that 
the  lecithin,  the  principal  constituent  of  the  medullary  sheath,  is 
replaced  by  ordinary  fats.  This  has  been  confirmed  by  chemical 
analysis  (Mott  and  Barratt,  Noll.), 


CHAPTER  XVI, 

ELECTROTONUS. 

When  a  constant  current  is  thrown  into  a  nerve,  there  is  an 
excitation  which  leads  to  a  nervous  impulse,  and  this  produces 
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a  contraction  of  the  muBcle  at  the  end  of  the  nerre.     Biimlarlji 

there  b  another  contraction  when  the  eurrent  is  taken  out. 
While  the  current  ia  flowing  through  the  nerre,  the  miiaole  la 
quiescent.  But  while  the  current  h  flowing  there  are  obangee  in 
the  nerve,  both  as  regards  its  electrical  condition  and  its  excitability. 
These  changes  are  summed  up  in  the  ezpression  deciro^anui. 

In  the  investigation  of  this  subject  the  instrumentfl  employed 
are  the  s&me  as  those  already  described,  with  the  addition  of  twa 
others  that  it  will  be  convenient  to  describe  before  passing  on 
to  the  study  of  electrot-onns  itself.  These  are  the  reverBer  or 
commntator,  and  the  rheochord.  h 

PohVs  cirmmutiitfjT  is  the  form  of  reverser  generally  employed,  ^ 
It   consists  of  a  block  of    ebonite  provided  with  six   pools  of 
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which   is  provided  with  a  binding  screw.     Th^ 
are   connected   by  diagonal  cross   wires,  and  by  a^ 


miBiniiiiy,  each  of 
eomer  pools 

cradle  consisting  of  an  insulating  handle  flxed  to  two  area, of 
copper  wire  which  cau  be  tilted  so  that  the  two  middle  pools  can 
be  brought  mUi  ooramunication  with  either  of  the  two  lateral 
pairs  of  pools.  Fig.  180  shows  how,  by  altering  the  position  of 
the  cradle,  the  direction  of  the  current  from  one  electrode  to  the 
otiier  is  reversed.  The  numbers  i,  2,  3,  4c»  iiidicate  the  path  of 
the  current  in  the  two  cases. 

Sometime**  the  reverwr  Is  mml  without  the  orfias  w!to»  for  a  differtut 
parpose.  The  battery  wirua  ure  CQimecUkl  Sfl  befure  wiib  the  middk 
mecGurj  pools.  Each  Utcral  pair  of  pooli  ii  connected  by  wire*  to  &  naif 
of  electrodes.  The  two  pairs  of  eleetrodee  mfty  be  applied  to  two  portloni 
of  a  nerve,  or  to  two  different  nerves,  and  bj  tilting  the  cradle  to  ngbt  or 
l^t  the  ear  rent  ean  be  seat  tbrough  one  or  tbe  other  pair  of  electrodes; 

Tht  rheochord  is  an  instrument  by  means  of  which  the  strength 
of  a  constant  current  passed  through  a  nerve  may  be  varied.  It 
^nsist^  of  B^  loug  wire  (r,  r,  r)  stretched  on  &,  boatx].     This 
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his  is   ■ 
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pkoad  AS  &  bridge  on  the  ooiiTBe  of  the  batteiy  current.  (See 
fig,  1 8 1.)  The  current  is  thua  divided  into  two  parts:  one  part 
thiough  the  bridge,  the  other  through  the  nerve  which  is  laid 
Acrofis  the  two  non-polarisable  electrodes  at  the  ends  of  the  wires. 
The  resistance  through  the  bridge  is  varied  by  the  position  of  the 
iider  (*  #).    The  farther  the  slider  is  from  the  battery  end  of  the 
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^pefcrameiit  the  longer  is  the  bridge,  and  the  higher  its  resistance, 
^Ko  that  less  current  goea  that  way  and  more  to  the  nerve. 

The  next  figure  shows  the  more  comphcated  form  of  rheochord 
^^vented  by  Poggendorf,  The  number  of  turns  of  wire  is  greater, 
Hp  that  the  resistance  can  be  varied  to  a  much  greater  extent 
^ihAn  in  the  simpler  form  of  the  instrument. 

The  term  "  electrotonua  "  includes  two  seta  of  changes  in  the 


nerve ;  first  an  electrical  change,  and  secondly  changes  In  esoitar 
bility  and  conductivity.     We  will  take  the  electrical  change  first. 

Mectrotonic  cnrrents,^ — The  constant  current  is  passed 
through  the  nerve  from  a  batterj%  non-polarisable  electrodes  being 
used  ;  it  is  called  the  polaritiiiig  current.  If  portions  of  the  nerve 
beyond  the  electrodes  are  connected  (*'led  o(f^')  as  in  the  di^i^ 

am  f%.  iBj)  by  non-polarisable  electrodes  to  galvanometera,  a 
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current  will  in  each  case  be  indicated  by  the  swing  of  the  galvano- 
meter needles.  The  electrotonic  current  in  the  neighbourhood  ct 
the  negative  pole  or  kathode  is  called  the  kateUctrotondc  cwrreiU; 
and  that  in  the  neighbourhood  of  the  anode  is  called  the 
cmehctrotonic  current  In  both  cases  the  electrotonic  current  has 
the  same  direction  as  the  polarising  current.  These  currents  are 
dependent  on  the  physical  integrity  of  medullated  nerve ;  they 
are  not  found  in  muscle,  tendon,  or  non-medullated  nerve ;  they 
are  absent  or  diminished  in  dead  or  degenerated  nerve.  They 
can,  however,  be  very  successfully  imitated  in  a  model  made  of 
zinc  wire  encased  in  cotton  soaked  with  salt  solution.  The 
electrotonic  curreuts  must  be  carefully  distinguished  from  the 
normal  current  of  action,  which  is  a  momentary  change  rapidly 


Anelectrotonic 
Current 


Katelectrotonio 
Current 


Polarising  ' 
Current 


Fig.  i8j.— ElectrutoniccurrentB. 

propagated  with  a  nervous  impulse  which  may  be  produced  by 
any  method  of  stimulation.  The  electrotonic  currents  are  pro- 
duced only  by  an  electrical  (polarising)  current ;  they  vary  in 
intensity  with  the  polariHing  current,  and  last  as  long  as  the 
polarising  current  passes  through  the  nerve. 

After  the  polarisinj;  (Mirrent  is  removed,  after-electrotonic  currents  occnr 
in  diflFerent  directions  in  the  three  regions  tested. 

(rt)  In  the  iutra|K)lar  rt-^ion,  the  after-current  is  oppoeite  in  direction 
to  the  (irif^inal  polarising  current ;  unless  the  [>olarising  current  is 
strong  and  of  short  duration,  when  it  is  in  the  same  direction. 
(/;)  In    the   kat electrotonic    rejdon,  the   after-current   has  the   same 

direction  as  the  katelectrotonio  current. 
00  In  the  anelectrotonic  region,  the  after-current  has  at  first  the 
same,  then  the  opposite  direction  to  the  anelectrotonic  current. 

The  experiment  known  as  the  juirailoxicnl  crmtraction  depends 
upon  electrotonic  currents.  Tlie  sciatic  nerve  of  the  frog  divides 
in  the  lower  part  of  the  thigh  into  two  ]>arts.  If  one  division  is 
cut  across,  and  its  central  end  stinnilated  electrically  (the  spinal 
cord  bavin;;  been  previously  destroyed),  the  muscles  supplied  by 
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^  oll}#r  bmnch  contract ;  th«  nenre  fibres  io  this  branch  having 
vUmul&ted    by  tbe   electrotonic    variation  in    the   divided 
'brmncb.* 

Sleotrotonio  alterations  of  excitability. — When  a  conetant 

Icitrrent  m  p&i^ed  through  a  nerve,  the  excitability  of  the  nerve 

|b  inctieased   in  the  region  of   the    kathode,  and  diminiBhed    m 

tlie  region  of  the  anode.     When  the  cnrrent  is  taken  out  tbe 

excitability  m  tecnporarily  incraaBed   tn  the  neighbourhood  of  the 

I  laode^  and  diminished  in  that  of  the  kathode. 

This  may  be  shown  in  the  case  of  a  motor  nerve  by  the    fol- 
lowing experiment.     The  next  diagram  represents  the  apparatus 
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1%.  t§f<— niAgraza  of  iLpfAmtus  uaed  in  tmtsng  dectrotonif:  tkltomtdcnui  of  exatabUitT. 

An  exciting  circuit  for  single  induction  shocks  is  arranged  iu 
die  usual  way,  the  exciting  electrodes  being  placed  on  the  nerve 
near  the  muBcle.  A  polarising  circuit  is  also  arranged,  and  in- 
cUidea  a  battery,  key,  and  reverser  ;  the  current  is  passed  into 
llie  nerve  by  means  of  non-polarisable  electrodes.  When  the 
fsolarising  current  is  thrown  into  the  nerve,  or  taken  out,  a  con- 
traction of  the  muscle  occurs,  but  these  contractions  may  be  dis- 
regarded for  tbe  present. 

The  exciting  circuit  is  arranged  with  tbe  secondary  coil  so  far 
from  the  primary  that  the  muscle  reapouda  to  break  only,  and 
tbe  Imcing  may  be  recorded  on  a  stationary  blackened  cylinder. 


*  This  experiment  miist  be  carefully  diaiio^uished  from  Etihiie'n  jmiciliB 
eii:«rinieiit  described  on  p.  170,  Iti  the  graciHs  experiment  the  nerve 
flbiM  thetoMlvea  hranek,a.mi  any  form  uE  stimiiJaiion  applied  to  one  brmiGii 
wilicftiiie  coatmctigaqf  both  halves  of  the  inuacle.  In  the  paradoxical  con- 
traction, tbe  bundles  of  nerve  fibres  are  merely  bound  Mt^e  by  mde  [n  the 
flciftde  trunk ;  there  is  thenjfore  no  poasibili^  of  con*lu<*tion  of  a  nerve 
ifflpribe  In  bijth  diret^tionii ;  the  stimulus,  mortx^ver,  must  be  au electrical  one. 
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Move  the  cylinder  on  a  short  distance,  and  repeat  this.     The 

height  of  the  lines  drawn  may  be  taken  as  a  measure  of  the 
excitability  of  the  nerve.  Now  throw  in  the  polarising  current 
in  a  descending  direction  {i.e.^  towards  the  muscle) ;  the  kathode 
ifl  then  the  non-polarisjible  electrode  near  to  the  exciting  ©lec- 
trodes.  While  the  polarising  current  is  flowing,  take  some  m(»t 
traeingg  by  breaking  the  exciting  current.  The  increase  in  the 
excitability  of  the  nerve  is  shown  by  the  much  larger  contrac- 
tions of  the  muscle ;  probably  a  contraction  will  be  obtained  now 
at  both  make  and  break  of  the  exciting  current.  After  removing 
the  polarising  current,  the  oontractiona  obtained  by  exciting  the 
nerre  will  be  for  a  short  time  smaller  than  the  normal,  but  booq 
return  to  their  original  ai^e* 

Exactly  the  reverse  occurs  when  the  polarising  current  m 
a^cmidiTi^f  i.e.^  from  the  muscle  towards  the  spinal  cord.  The 
non-polansable  electrode  near  the  exciting  electrodes  is  now  the 
anode.  While  the  polarising  current  is  pasijing,  the  excitability 
of  the  nerve  is  diminished  so  that  induction  shocks  which  pre- 
viously produced  con  traction  a  of  a  certain  Bi^e,  now  produce 
smaller  contractions,  or  none  at  all.  On  removing  the  polarising 
current,  the  after-effect  is  increase  of  excitability. 

The  following  figure   is  a  reproduction  of  a  tracing  from  an 


I 


Fig.  Eds.— ElectroUmu^,    M,  Ea«k«*   6»  btwk. 

actual  experiment,  The  aftereffects  are  not  shown.  N  repre* 
sent*  a  aeries  of  contractions  obtained  when  the  nerve  is  normal, 
K  when  it  is  katelectrotonic,  A  when  it  is  an  electro  tonic. 
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Ezaotly  similar  reeolts  are  obtained  if  one  uses  mechanical 
stimuli,  such  as  haimnering  the  nerve,  instead  of  induction  shocks. 
The  same  is  true  lor  chemical  stimuli.  If  the  exciting  electrodes 
are  remoyed,  and  salt  sprinkled  on  the  nerve  near  the  musclei 
the  latter  soon  begins  to  quiver ;  its  contractions  are  increased 
by  throwing  in  a  descending  and  diminished  by  an  ascending 
polarising  current. 

The  increase  in  irritability  is  called  kateleotrotonuB,  and  the 
decrease  is  called  aneleotrotonus.  The  accompanying  diagram 
(fig.  186)  shows  how  the  effect  is  most  intense  at  the  points  (a,  h) 
where  the  electrodes  are  applied,  and  extends  in  gradually  dimin- 
ishing intensity  on  each  side  of  them.     Between  the  electrodes 


11^.  186.— Diagmn  Qlutntiiiff  the  effects  of  yarious  intensities  of  the  poUrising  ennent, 
N,  %\  nerre;  a,  anode;  «,  kathode ;  the  curves  above  indicate  increase,  uid  those 
below  decrease  of  inritahiUly,  and  when  the  cnrrent  is  small  the  increase  and  decrease 
ue  both  small,  wHii  the  neutral  point  near  a,  and  as  the  ennent  is  increased  in 
itrength,  the  changes  in  irritability  are  greater,  and  the  neutral  point  approadhai  J;. 


the  increase  shades  off  into  the  decrease,  and  it  is  evident  that 
there  must  be  a  neutral  point  where  there  is  neither  increase  nor 
decrease  of  irritability.  The  position  of  this  neutral  point  is  found 
to  vary  with  the  intensity  of  the  polarising  current — when  the 
current  is  weak  the  point  is  nearer  the  anode,  when  strong  nearer 
the  kathode. 

Eleotrotonio  alterations  of  conductivity. — When  a  con- 
stant current  is  passed  through  a  nerve,  not  only  is  its  excita- 
bility or  power  of  responding  to  stimuli  altered  in  the  way  just 
described,  but  its  conductivity  or  power  of  conducting  nerve  im- 
pulses is  altered  as  well.  Moreover,  the  alteration  in  conductivity 
does  not  run  parallel  to  that  of  excitability. 

If  weak  currents  are  used,  there  is  but  little  change  in  the 
conducting  power  of  the  nerve,  and  what  little  change  there  is, 
is  in  the  direction  of  diminution  near  the  kathode.  But  when 
the  strength  of  the  current  is  increased,  the  diminution  of  con- 
ductivity is  very  marked  round  the  kathode,  and  gradually  fades 
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away  towards  the  anode  (fig.  187,  1).  On  increasing  the  strength 
of  the  current  still  more,  the  loss  of  conductivity  is  greater,  and 
spreads  over  both  the  anodic  and  kathodic  regions  (fig.  187,  2). 

When  the  current  is  taken  out,  the  reverse  changes  take  place, 
but  this  after-effect  only  lasts  a  short  time.  In  fig.  187,  3,  we 
see  the  effect  of  breaking  a  current  of  moderate  strength,  viz^  a 


I.  A 


3.  A 


Fiff.  187.— Diagram  illufitrating  the  effects  of  a  pol&riidnff  curreiit  on  the  condiictitity  of  a 
nerve.  A  B  rcprenentA  the  nen'e,  and  the  anode  and  kathode  are  indicated  by  +  and 
—  rcsppotively.  The  carve  reprcMentM  the  fall  of  conductivity  which  occum ;  in  1,  the 
eflfpct  of  a  weak  current  in  nhown,  the  fall  of  conductivity  i»  groatcfit  round  the 
kathode ;  in  2.  with  a  ntronger  current  the  fall  iH  greater  and  hait  Hpread  no  an  to 
include  tlio  anodic  region.  8  xhowH  the  effect  immediately  after  the  removal  of  the 
current ;  the  full  in  then  greatont  in  the  pofnt-anodic  region.     (After  Htewart.) 

fall  of  conductivity  in  the  {wst-auodic  region  which  gradually 
fades  away  towards  the  kathode. 

Pfluger'fl  law  of  contraction. — The  constant  current  some- 
times causes  a  contraction  both  at  make  and  break,  sometimes  at 
make  only,  sometimes  at  break  only.  The  difference  depends  on 
the  strength  and  direction  of  the  current ;  and  follows  from  the 
electrotonic  clianges  of  excitability  and  conductivity  we  have  been 
studying.  Increase  of  excitability  acts  as  a  stimulus  ;  so  that  at 
the  make  the  kathode  is  the  stimulating  electrode,  and  at  the 
break  the  anode  is  the  stimulating  electrode. 

The  facts  may  be  demonstrated  in  the  following  way :  from  a 
battery  lead  the  wires  to  the  middle  screws  of  a  reverser  (with  cross 
wires),  interposing  a  key ;  from  one  pair  of  end  screws  of  the 
reverser  lead  wires  to  the  bindinj;  sor(?ws  of  the  rheochord  ;  frwn 
these  same  screws  of  the  rheochonl  the  non-polarisable  electrodes 
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1  to  the  iienre  of  ti  uerFe-mu^le  preparation.    The  strength  of  the 
at  is  ^'aried  by  the  slider  B.     The  nearer  S  is  to  the  binding 
bw%  the  less  is  the  resistance  in  the  rheoohord  cireuit^  and  the 
the  current  through   the  uerve.      With   a  weak   current,  a 
ontmcti&o  oocur^  at  make  only,  but  more  readily,  i.e.   with   a 
reaker  current  when  ita  direction  is  descending,  '><"v  towards  the 


Flg«  tSd.— Armsgvnuffit  of  ftppiumhifi  for  dmnamtraCmg  PflQger'ii  law* 


QUBde,  With  a  stronger  current  (ascending  or  descending)  con- 
I traction  occurs  both  at  make  and  break.  With  a  very  strong 
[current  (six  Groves),  the  contraction  occurs  only  at  make  with 
[1  descending  current;  and  only  at  break  with  an  ascending 
|«airent. 

The  contractions  produced  in  the  muscle  of  a  nerve-muKsle 
'  |f«paration  by  a  cjonstant  current  have  l)een  arranged  in  a  table 
which  is  known  b&  Pfluger's  Law  of  Gontracitioii.      It  is   re^dly 
only  a  itatement  as  to  when  a  contraction  may  be  expected  : 


ennrotn  or 

BmMcmitmiitQ  Cir*w«rr* 

.     AAGuimvo  Cw«*wrT. 

H«k«. 

-Bnmk. 

Mkkft. 

&Hk. 

WeriE .,„. 

Moderate 

Strong......,,.,.. 

Tea. 
Yee. 
Yes. 

No. 
Ye«. 

No. 

Tm.       1       No, 

1       Y68.      1       Yea 
No,       !       Ye*. 

The  increase  of  irritability  at  the  kathode  when  the  tnrrent  h 
made,  is  greater  and  so  more  potent  to  produce  &  contraction 
than  the  rise  of  irritability  at  the  anode  when  the  current  is 
broken  ;  and  so  with  weak  currents  the  only  effect  is  a  contraction 
at  the  make.  There  is  Uttle  or  no  alteration  in  the  conductivity 
o^  the  nerve  to  hinder  the  propagation  of  the  impulse  so  started. 
With  a  current  of  moderate  strength  and  in  an  ascending 
directioDj  the  excitation  which  occurs  at  the  anode  at  break  star^ 
ft  V  2 
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an  impulse  in  a  part  of  the  nerve  near  the  muscle,  and  not 
separated  from  it  by  any  region  of  diminished  conductivity  ;  at 
make  also  there  is  no  block  to  prevent  the  excitation  which  occurs 
at  the  kathode  from  reaching  the  muscle,  since  with  moderate 
currents  the  fall  of  conductivity  does  not  reach  the  anodic 
region  (fig.  187,  1).  When  the  current  is  descending,  the  excita- 
tion at  the  make  is  at  the  kathode,  and  as  this  is  near  the  muscle 
there  is  no  block  in  the  nerve  between  it  and  the  muscle ;  at 
the  break,  the  kathodic  block  is  removed,  and  so  the  anodic 
excitation  is  readily  propagated  to  the  muscle. 

With  strong  currents  the  case  is  a  little  more  complicated, 
because  here  the  diminution  of  conductivity  is  so  great  that 
certain  regions  of  the  nerve  become  impassable  by  nerve-impulses. 
When  the  current  has  an  ascending  direction,  the  impulse  at  the 
break  is  started  at  the  anode,  and  as  this  is  next  to  the  muscle 
there  is  no  hhidrance  to  the  propagation  of  the  impulse,  but  at 
the  make  the  impulse  started  at  the  kathode  is  blocked  by  the 
lowering  of  conductivity  which  as  we  have  seen  with  strong 
currents  spreads  and  reaches  the  anode  (fig.  187,  2).  When  the 
current  is  descending  the  kath<xie  is  near  the  muscle,  and  so  the 
impulse  at  make  reaches  the  muscle  without  hindrance  ;  but  at 
the  break,  the  impulse  started  at  the  anode  has  to  traverse  a 
region  of  nerve,  the  anodic  end  of  which  has  a  smaller  con- 
diuitivity  immediately  after  opening  than  during  the  flow  of  the 
current  (fig.  187,  3);  the  kathodic  end  of  this  region  also  does 
not  become  immediately  passable  after  a  strong  current. 

Thus  we  have  seen  that  two  circumstances  influence  the  effect 
of  the  constant  current  upon  a  nerve,  viz.,  the  strength  and 
direction  of  the  current.  It  is  also  necessary  that  the  stimulus 
should  be  applied  s\u{(I*nily  and  not  gradually,  and  that  the  irri- 
tahility  of  the  nerve  should  he  norina/ ;  not  increased  or  diminished. 
Sometimes  (when  the  preparation  is  specially  iiritable)  instead  of 
a  simple  contraction  a  tetanus  occurs  at  the  make  or  break  of  the 
constant  current.  This  is  liable  to  occur  at  the  break  of  a 
strong  ascending  current  which  has  been  passing  for  some  time 
into  the  preparation,  or  at  the  make  of  a  strong  descending 
current ;  both  being  conditions  whiirh  increase  the  excitability  of 
the  piece  of  nerve  nearest  to  the  muscle ;  this  is  called  Bitter's 
tetanus,  and  may  be  stop{)cd  in  the  fii-st  case  by  throwing  in  the 
current  in  the  same  direction,  or  in  the  second  case  by  throwing 
in  a  current  in  the  opposite  direction. 

The  siune  general  laws  hold  for  nniscle  as  well  as  for  nerve, 
but  are  more  ditlicidt  to  deuionstnite  ;  the  main  fact,  however, 
that  the  katluxle  is  the  stimulating  electnxie  at  the  make,  and 
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the  anode  at  the  break,  may  be  shown  by  the  following  experi- 
ment ;  if  a  curarised,  that  is,  a  physiologically  nerveless  muscle, 
is  arranged  as  in  the  experiment  for  demonstrating  the  muscle 
wave  (see  fig.  149,  p.  125),  and  a  non-polarisable  electrode  placed 
at  each  end,  the  muscle  wave  at  the  make  of  a  constant  current 
starts  at  the  negative  electrode  (kathode)  and  at  the  break  at  the 
positive  electrode  (anode). 

An  induced  current  in  the  secondary  circuit  of  an  inductorium 
may  be  regarded  as  a  current  of  such  short  duration  that  the 
opening  and  closing  are  fused  in  their  effects.  This  is  true  for  all 
induction  currents,  whether  produced  by  the  make  or  break  of 
the  primary  circuit.  The  kathode  will  always  be  the  more 
effective  in  causing  contraction. 

Response  op  Human  Muscles  and  Nerves  to  Electrical 
Stimulation. 

Perhaps  the  most  important  outcome  of  this  study  of  the 
response  of  muscle  and  nerve  to  electrical  stimulation  is  its 
application  to  the  muscles  and  nerves  of  the  human  body, 
because  here  it  forms  a  most  valuable  method  of  diagnosis  in 
'  cases  of  disease.  The  following  account  of  this  is  chiefly  an 
abstract  from  Sir  William  Gowers*  Manual  of  Diseases  of  the 
Nervous  System. 

In  the    normal  state,    nerves   can    be    stimulated    either   by 

iDductiou  shocks,  or  by  the  make  and  break  of  a  constant  current. 

In  the  case  of  the  motor-nerves  this  is  shown  by  the  contraction 

of  the  muscles  they  supply;  and  in  the  case  of  the  sensory  nerves 

by  the  sensations  that  are  produced.     In  the  case  of  the  seusory 

nerves,  the  sensation  produced  by  the  constant  current  is  most 

intense  at  the  instant  of  make  and  break,  or  when  the  strength 

of  the  current  is  changed  in  the  direction  either  of  diminution  or 

increase;  but  there  is  a  slight  sensation  due  doubtless  to  the 

electrotonic  alterations  in  excitability  which  we  have  been  studying, 

during  the  whole  time  that  the  current  is  passing. 

When  the  nutrition  of  the  nerves  is  impiired,  much  stronger 
currents  of  both  the  induced  and  constant  kinds  are  necessary  to 
evoke  muscular  contractions  than  in  the  normal  state.  When 
^He  nerves  are  completely  (Ugenerated  (as  for  instance  when  they 
^re  cut  off  from  the  spinal  cord,  or  when  the  cells  in  the  cord 
^'X^m  which  they  originate  are  themselves  degenerated,  as  in 
infantile  paralysis)  no  muscular  contraction  can  be  obtained  on 
stimulating  the  nerves  even  with  the  strongest  currents. 

The  changes  in  the  excitability  of  the  muscles  are  less  simple, 
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•  because  in  them  there  are  two  eicitable  etructuree,  the  termiia- 
tions  of  the  nerves,  and  the  muscular  fibres  tbemselveB,  Of  thm 
the  nerve-fibres  are  the  Diore  seusitive  to  induction  ctirreDta^  azid 
the  faradic  Btirnulation  of  a  mtuiole  under  normal  circumitanoet 
is  by  means  of  these  motor  uerve-endingB.  Thus  we  find  that  iti 
excitability  corresponds  in  degree  to  that  of  the  motor-nerve 
supplying  it.  The  muscular  fibres  are,  even  in  the  normal  state, 
less  sensitive  to  faradism  (that  is,  a  succession  of  induction  ahocb) 
than  the  nerve^  because  they  are  incapable  of  ready  responae  to 
stimuli  so  very  short  in  duration  aa  are  the  shocks  of  which  t 
faradic  current  consists.  (The  proof  of  this  consists  in  the  fact 
that  under  the  influence  of  curare,  which  renders  the  muacle 
practically  nerveless,  the  muscle  requires  a  much  stronger  faradic 
current  to  stimulate  it  thiiu  in  the  normal  state.)  But  when  the 
nerve  is  degenerated,  the  make  or  break  of  the  constant  current 
stimulates  the  muscle  as  readily  as  in  the  normal  state ;  but  the 
contraction  is  propagated  more  slowly  than  that  which  ocean 
when  the  nerve-fibres  are  intact,  and  ia  due  to  the  stimulatioii 
of  the  muscular  fibres  themselves.  The  fact  that,  under  normal 
circumstances,  the  contraction  which  is  caused  by  the  conetuit 
current  is  m  quick  as  that  produced  by  an  induction  shock,  is 
ground  for  believing  that  in  health  the  constant^  like  the  in-  1 
duced  current,  causes  the  muscle  to  contract  chiefly  by  exciting 
the  motor-nerves  within  it. 

When  the  motor-nerve  is  degenerated,  and  will  not  respond  to 
any  form  of  electriciil  stimulation,  the  muscle  also  loses  all  it^ 
power  of  response  to  induction  shocks.     The  nerve-degenemtia\^ 
is  accompimied  l^y  changes  in  the  nutrition  of  the  muscular  fibr^^ 
as  is  evidenced  by  their  rapid  wasting,  and  any  power  of  respon^^ 
to  fanidism  they  possessed  in  the  normal  state  is  lost.     But  tl^^ 
response  to  the  constant  current  remains,  and  is  indeed  more  rea«^^ 
than  in  health,  doubtless   in  consequence  of  nutritive   chaii^^^ 
which  develop  what  the  older  pathologists  called,  truly  enou^y^ 
"irritable  weakness."     There  is,  moreover,  a  qualitative  as  ^^^1] 
as  a  quantitative  change.     In  health  the  first  contraction  to  occs^vxi 
on  gradually  increasing  the   strength  of  the  current  is  at  tl^^ 
negative  pole,  when  the  circuit  is  closed  (see  Pfliigcr's  law),  and   « 
stronger  current  is  requircni  before  closure-contraction  occurs     ^Lt 
the  positive  pole.     But   in  the  morbid  state  we  are  discusatun', 
closure-contraction  may  occur  at  the  positive  pole  as  readily  aa  or 
even  more  readily  than  at  the  negative  pole.     This  condition,    -the 
retisons  for   which   we   do   not  know,  is  called  the  "  BeacHoy^  of 
Defeneration. " 

Suppose  a  patient  comes  before  one  with  muscular  pandjais. 
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This  may  be  due  to  disease  of  the  nerves,  of  the  cells  of  the 
spinal  cord,  or  of  the  brain.  If  the  paralysis  is  due  to  brain 
disease,  the  muscles  will  be  slightly  wasted  owing  to  disuse,  but 
the  electrical  irritability  of  the  muscles  and  nerves  will  be  normal, 
as  they  are  still  in  connection  with  the  nerve>cells  of  the  spinal 
cord  that  control  their  nutrition.  But  if  the  paralysis  is  due  to 
disease  either  of  the  spinal  cord  or  of  tlie  nerves,  this  nutritive 
influence  can  no  longer  be  exercised  over  the  nerves  or  muscles. 
The  nerves  will  degenerate ;  the  muscles  waste  rapidly ;  the 
irritability  of  the  nerves  to  both  forms  of  electrical  stimulation 
will  be  lost ;  the  muscles  will  not  respond  to  the  faradic  current, 
but  in  relation  to  the  constant  current  they  will  exhibit  what  we 
have  called  the  "  reaction  of  degeneration." 

This  illustrates  the  value  of  the  electrical  method  as  a  means 


F!g.  x8q. — Electrodes  applied  to  tiie  ddn  over  a  nerve->tnink.  In  ▲  the  polar  area  ia 
aaelectrotonic,  and  the  peripolar  katdectrotonio.  The  former  condition,  therefore, 
preponderates,  since  tiie  current  is  more  concentrated.  In  b  the  conditions  are 
rerersed,  the  polar  xone  corresponding  here  to  the  kathode.    (After  Waller. ) 


of  diagnosis,  that  is,  of  finding  out  what  is  the  matter  with  a 
patient.  It  is  also  a  valuable  means  of  treatment ;  by  making 
the  muscles  contract  artificially,  their  nutrition  is  kept  up  until 
restoration  of  the  nerves  or  nerve-centres  is  brought  about. 
Another  illustration  will  indicate  that  the  facts  regarding 
electrotonic  variation  of  excitability  are  true  for  sensory  as  well 
as  for  motor  nerves;  in  a  case  of  neuralgia,  relief  will  often  be 
obtained  by  passing  a  constant  current  through  the  nerve ;  but 
the  pole  applied  to  the  nerve  must  be  the  anode  which  produces 
diminution  of  excitability,  not  the  kathode  which  produces  the 
reverse. 

Waller  has  pointed  out  that  PflUger's  law  of  contraction,  as  formulated 
for  frogs'  muscles  and  nerves,  is  true  for  human  muscles  and  nerves  in  the 
main,  but  there  are  certain  discrepancies.  These  arise  from  the  method 
necessarily  employed  in  man  being  different  from  those  used  with  a  muscle- 
nerve  preparation.  In  a  muscle-nerve  preparation  the  nerve  is  dissected  out, 
the  two  electrodes  placed  on  it,  and  the  current  has  of  necessity  to  traverse 
the  piece  of  nerve  between  the  two  electrodes.  In  man.  the  current  is 
applied  by  means  of  electrodes  or  rheophores  which  con.'tist  of  metal  discs 
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0OTef«d  with  wash  lefltheTf  and  icAked  in  btliie.    One  of  these  \a  placed 

the  motetencd  Bkin  over  the  nerrc,  and  the  other  to  «ome  indiffe^ ' 
such  fts  the  back.  The  ciirreQt  finds  its  war  from  one  electrode  to  t : 
not  necestttfily  throtig'h  the  nerves  to  an/ great  extent  (though  it  wm  m^ 
concent  rat  CM  I  l&t  the  nor  re  as  it  leaves  the  anode  or  reaches  tlu@  kalhoiJe)._ 
bttt  diffuses  widely  through  the  body,  seeking  the  paths  of  l^i^t  redstauoe. 
Tbui  it  h  impiisflsible  to  gret  pure  ancnlic  or  katbodic  effocta.  If  the  anorle  im 
applied  oTer  the  ncrTe,  the  current  enter*  by  a  series  of  points  (polar  n^ne)  , 
and  leaves  by  a  second  $i'tie&  of  points  (peripolar  £one).  The  aeoond  ieriea 
Of  points  IB  very  close  to  the  first,  a,^  the  cnrrent  leaves  the  nerve  a«  sooim 
as  posRibte,  seieking  less  resistant  paths.  The  polar  zone  will  be  in  the  ooo* 
ditioD  of  anelectrotonus,  the  peripolar  in  that  of  kat€lectr«:ttonaa.  «>  U»i 
although  thf?  former  effect  will  predominate^  the  points  being  more  con* 
centrated,  the  latter  effect  may  prevent  a.  pure  an  electro  tonic  effect  beiti|r 
oliaerTed  (%.  189). 

MiemimMlity  attd  ConduHivHy.^-Wii  have  already  seen  that  these  two  pto- 
perties  of  nerve  do  not  necessarily  go  together.  We  learn  the  same  leMoa 
from  the  following  experiments*  The  nerve  of  a  frog's  leg  is  led  thjnugb 
a  glass  tabe,  the  ends  of  which  are  sealed  with  clay,  but  the  nerve  moat  not 
he  compressed.  The  tube  In  HuppHed  with  an  inlet  and  outlet,  so  that  gaie* 
may  be  passed  through  it.  Two  pairs  of  electrotfes  arc  arranged,  so  that  ih& 
nerve  can  be  stimulated  either  within  or  outride  the  tube*  If  carbonic  add 
is  passed  tKroagb  the  tube,  and  the  nerve  stimulated  by  an  indnction  shock 
within  the  tube,  the  muscle  does  not  respond ;  but  on  stimulating  outiidde  the 
tube,  the  muscle  eotitrarL*!.  The  nerve  i%  therefore,  not  excitable,  though 
it  will  conduct  impulses.  If  alcohol  vaponr  H  used,  conductivity  vaaisbei 
bi.'forc  excitability*  Cotd  acts  like  carbonic  add  ;  loeftliAed  cold  applied  to 
nerve,  however,  increases  its  excitability  to  the  oonjtant  carrentT  aiid  also 
to  mechanical  and  thermal  stimuli  (Out eh). 

Waller  testa  the  excitability  of  nerve  by  the  amount  of  current  of  aetitm 
it  gives  rise  to  ;  not  by  the  amount  of  conttaction  in  the  muaele  to  which  it 
leads.  He  Unds  thai  the  effect  of  carbonic  acid  Id  lai^e  tloae»  is  to  depress 
the  activity  of  nerre;  bnl  after  the  gas  is  removed^  there  is  greatly  in- 
created  activity.  Ether  nets  liimilarly  ;  but  with  ehlorofurm  there  is  no 
recovery,  s^mall  dojief^  of  ciiibcijiic  acid  iiicrt^!a«?  the  .xc^tion-currienU*.  and 
WftHer  eonsiders  that  tJie  staircase  effect  in  muscle  (p.  114),  aud  the  aimiLar 
progressive  increase  noted  in  the  action-cdrrents  of  net^e  as  the  Tesnilt  of 
reputed  stimulation  is  dwe  to  the  evnlution  of  this  gas  during  activity. 
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The  Odnre^oeBtrea  conaiBt  of  the  hraiu  and  spinal  cord ; 
&ra  ohursdt^riied  by  ^ntftiniug  uerve-oollsj  from  which  the  ii« 
librea  of  the  nerves  originate*  Small  collections  of  nerve-cells 
are  found  alio  in  portions  of  tlie  peripheml  neryoiiB  sytitem,  wUefc 
they  are  called  f/ati^jlm.  The  spinal  ganglia  on  the  pastericpr 
roots  of  the  spinal  nerves,  and  the  sympathetic  ganglia  are 
iustauces  of  thi^se, 
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The  gener&l  ajraugement  of  the  eerebro-spinal  asis  Ib  given  in 
th@  accompanyijjg  diagram.     Tlve  nerves  which  take  origin  from 
the  bmin  are  called 
cranial  nerves;  there 
are    twelve    paira  of 
these;  some  of  theui^ 
like      the    olfactjory, 
^^ptic,    and    auditcir^' 
^B^rvea,  are  nerves  of 
^HpeuiaL  i^eiise ;  others 
^^Hipply  the  region  of 
the  head  with  mot4jr 
d     sensory     fibres. 
!ie  pair  (the  tenth) 
lied    the   pneumo 
ttric      or      vagiit^ 
rves     are    mainly 
idtjihuted     to    the 
era  of  the  thorax 
riid  abiiomeD,  and  a 
part  of  another  pair 
(the  eleventh)^  called 
the   spinal   accessory 
nervess    unites    willi 
^^the    vagus   prior    to 
^HjELch  distribution. 
^*We  shall  in  our  sub- 
sequent study  of  tlie 
I      he*irt,  bingSi  stomaeh 
1       and      other     organs 
have    frequently    to 
I      al  I  ude  to  these  n  erve^. 
'      The  first  two  pairw  of 
eranial    ni?rves     (the 
olfactory     aud      the 
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I  J90.— Tknr  of  the  oei^- 
bfo^Hpiiul  fejdfl  of  %hif 
XbefTVOiui  tyntem^  TLe 
Tifhl  h^lf  of  %h.v  cimiriium 
and  tmuk  of  th«  bod^ 
htm  been  ivm^viod  by  A 
T€ttit>iil  Aecyon  ;  the 
^rajQefi  of  tbe  br&ia 


mttA  siTinjd  «ord  bmv^  klso  bet  n  rfnaoved,  and  tbo  ftnots  anA  flnrt  poH  of  Onf  ftftji  and 
ninth  cxuual,  and  &f  aU  thi-  if  mal  n^rrea  q1  tb*  riffbt  nidA,  hAY9  been  duBi?ti«d  out 


and  laid  BMrmtely  00  thv  wnfl  -jf  tb**  aJralJ  »tid  on  the  nero™!  -rettebrw  oppoaite  to 
the  pluse  of  thfttf  n&ttirai  exit  iruEii  ttu:  uislilCHApiEkAl  CftTitj.     '  '  ^     """ 
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optic)  arise  from  the  cerebrum.  The  remaining  ten  paira  arise 
from  the  rtistrict  of  ^ey  matter  called  the  floor  of  the  fourth 
ventricle  or  its  immediate  neighbourhood  ;  this  tract  of  grey 
matter  is  situated  at  the  lower  part  of  the  brain  inhere  it  jdo^ 
the  spinal  cottl ;  this  portion  of  the  brain  is  called  the  Bulb  or 
Medidla  ohlonffata. 

The  spinal  uervea  are  arranged  in  pairSj  31  in  number.  Tbeif 
general  structure  and  fuiictious  we  have  alretwiy  studied  (pp.  165 
—168). 

The  more  intimate  structure  of  the  brain  and  spinal  cord  we 


Fig.  191.  — Branchod  neuroglia-cell.    (After  8t5br.) 

shall  consider  at  length  in  subsequent  chapters.  For  the  present 
we  shall  deal  with  some  of  the  general  aspects  of  the  nerve- 
centres,  both  as  regards  structure  and  function. 

Both  brain  and  spinal  cord  consist  of  two  kinds  of  tissue,  easily 
distinguishable  by  the  naked  eye.  They  are  called  respectiyely 
white  matter  and  grey  mattei\ 

White  matter  is  composed  of  medullated  nerve-fibres,  which 
differ  in  structure  from  the  medullated  fibres  of  nerve  by  having 
no  primitive  sheath. 

Grey  matter  is  the  true  central  material  so  far  as  regards  func- 
tion ]  that  is  to  say,  it  is  the  part  which  receives  and  sends  out 
nervous  impulses ;  it  is  characterised  by  containing  nerve-ceUs 
and  their  branches. 

In  the  brain  the  grey  matter  is  chiefly  situated  on  the  surface, 
forming  what  is  called  the  cortex ;  the  white  matter  and  certain 
subsidiary  masses  of  grey  matter  are  in  the  interior. 
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In  the  spinal  oord,  the  ^rey  nmtter  is  m  the  iaterior,  the  white 
itter  oiit«]df>. 

In  both  p^rey  and  white  matter  the  nerve-cells  and  nerv6-fibrf« 

supported  by  a  j>eciiliar  tissue  which  ia  called  neuroijiia.     It 

oomposed  of  cells  and  fibres,  the  lutber  being  prolonged  from 

he  eetls.     Some  of  the  fibres  are  radially  arntnged.     They  start 

QUI  the   outer  ends  of  the  ciliated   epithelium  cells  that  line 

be  central  canal  of  the  spinal  coni   and   the  vetitricles  of  the 

dn,  and  diverge  constantly  brauobiug  towards  the  surface  of 


F%-  T^a^.— IHSeTQ9,t  fonoA  of  Derve-oeU*.     A,  a^  roiand  tiallHili&ped  nnipglir  «eU  from 
the  hitmui  GvM^dan  punglian.    A  X  340.    n  x  Bo.    Two  cb]Ii  only  waow  th«?  imocopi 


/;  b,  fpindle^b&ped ;  Cj  multd 


lajr  ganirircia  c^U  from  the  spibol  cuini  of  th^  ok.    >C  io. 

procmi: 


d^t  Z>,  PurlEinJie  gmng^him  cellfl  frpm  lium«Ei  l^erebell1UIl ;   ox,  jutiflHcrtiiideT  firocisi: 
pt  protoplismjo  |ltQ[^EM ;  A ,  A*  twti  celb  nnrroinidad  with  m  wmdmted  ibeiitli.    ' "'  **  ~ 


^bbe  organ,  where  they  end  by  slight  enlargements  attached  to  the 
^^ia  mater*     The  other  fibres  of  the  tissue  are  cell  processes  of 

the  neuroglia  or  glia  cells  proper,  or  spider  cells  as  they  are  some- 
^^mm  termed  {see  fig,  i  g  i ). 

^k    Neuroglia  is  thusi  a  counecti^^e  tiReue  In  function,  hut  it  is  not 
^^me  in  origin.     Like  the  rest  of  the  nervous  ay  stem,  it  originates 

from  the  outennoat  layer  of  the  embryo,  the  epiblast.     All  true 

connective  tissues  are  mesoblastic. 

Chemically  it  is  very  diflferent  from   connective  tissues*     It 

consists  of  an  inaolnble  material  called  nettro  keratin^  or  nerve- 

homj  similar  to  the  homy  substance  keratin  which  is   fonnd  in 

the  surface  layers  of  the  epidermis. 
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Nerve-cells  differ  a  good  deal  both  in  shape  and  sisa    The 

nucleus  is  generally  large  and  spherical,  with  a  distinct  nucleolus. 

The  principal  varieties  in  shape  of  nerve-cells  are  shown  in  fig.  192. 

They  may  be  roughly  divided  into  three  groups,  according  to 

the  number  of  their  processes,  into 
unipolar,  bipolar,  and  multipolar 
colls. 

Unipolar  cells,  or  cells  with  one 
process,  are  found  in  the  spinal 
ganglia  (fig.  192,  a).  They  are 
spherical  in  shape,  are  enclosed  in 
a  nucleated  sheath,  and  the  single 
process  after  a  short  oourse  joins 
one  of  the  nerve-fibres  traversing  the 
ganglion  by  a  X"^^?^  junction. 
It  has,  however,  already  been  ex- 
plained  (p.  166,  fig.  175)  that  these 
unipolar  cells  are  in  reality  bipolar, 
the  two  processes  having  become 
amalgamated  for  a  short  distance. 

Bipolar  cells  are  cells  with  two 
branches.  The  embryonic  condition 
of  the  cells  of  a  spinal  ganglion 
is  one  example  of  these.  In 
many  lower  animals  the  two  pro- 
cesses come  off^  from  the  opposite 
ends  of  the  cells  (fig.  192,  b);  the 
cell  appears  as  a  nucleated  enlarge- 
ment on  the  course  of  a  nerve-fibre. 
In  some  cases,  however,  where  there 
appear  to  be  two  fibres  connected 
with  a  cell,  one  of  them  is  really 
derived  from  another  cell  elsewhere, 
and  is  passing  to  end  in  a  ramification  which  envelopes  the  gang- 
lion cell ;  it  may,  as  in  the  sympathetic  ganglia  of  the  frog,  be 
coiled  spindly  around  the  issuing  nerve  process  (see  fig.  193,  6). 
Multipolar  nerve-cells  :  liere  the  cell  becomes  angular  or  stel- 
late. It  was  formerly  thought  in  some  instances,  as  in  the 
cells  of  the  8ynii)athetic  ganglia  (fig.  194),  that  all  the  processes 
become  nerve-fibres,  but  thi.s  is  not  so,  for  here  as  well  as  in 
the  large  cells  of  the  grey  matter  of  the  spinal  cord  (fig.  192,  c 


Fig,  103.— Sjmpathetic  gaiiglicm  cell 
of  a  frog,  highly  xuajfiiiflcKl. 
(Beale.) 
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^*  t95)»  only  one  proccws  b^^mca  the  axis  cylinder  of  a 
fibre^  the  others  dividing  and  subdividing  in  a  mniified 
©r  until  they  end  in  an  arboresceuDe  of  fine  twiga 
my  of  those  cellS;  especially  those  in  the  spinal  cord,  have  a 
fibrillar  stnicture,  and  the  fibrils  can  bo  traced  into  th© 
y Under  i>Tv>cea3  and  the  other  branches  of  the  cell.     Other- 


4.—AM  bolftted  »}'mpathttic  ffiLnglign  rrl]  of  man,  ^h'twing^  jiljeakli  with  audcMtM^ 
]  Uaiaff,  B.  A'  G&nfljoii  c«lU  with  nudtnu  and  nud«alui.  C.  Brkoobed  ptooem. 
L  Aid»4^1iiidi!'T  ]KrcK3«n.    (Key  vid  R^tj^iim.}     x  750. 

the  celli  have  a  finely  gt^anular  appeanvnce,*  and  often 
tlloa  depoait  of  yellowisiii  pigmeut  at  one  aide  of  the  niicktiB. 
Hbparationa  made  by  Golgi's  nitrate  of  silver  method,  the 
».  and  their  proceases  are  stained  black  by  a  dejKisit  of  silver, 
kat  the  pn>ceasea  c^n  be  traced  to  their  remotest  mmifiea- 
p.  By  this  naethod  it  is  found  that  the  ajtis  cylinder  process 
tiubratiched  (aa  represented  in  tig.  195),  but  invariably 
eff  fine  side  branches  which  are  called  collaiitrali^  whieh 
in   the   adjacent   nerve   substance.      The   axis  cylinder 

:    NiiJiiii,  which  can  be  reniUly  stained  with  metbjlene-bltie,  are 

rvtite  ;  in  fati^e  of  tho  cell  ns  aftt*r  na  epileptic  St,  they 

u,  ^JK-,ng  apparflntly  used  up  during  the  diicharge  of  Buotgj  (Niwl). 
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acquires  the  sheaths,  and  is  converted  into  a  nenre-fibre.  This 
nerve-fibre  sometimes,  as  in  the  nerve-centres,  after  a  more  cmt  lea 
extended  course  breaks  up  into  a  terminal  arborescenoe  envelop- 
ing other  nerve-cells.  Even  the  long  type  of  axis  cylinder  which 
passes  into  the  nerves  ultimately  ends  in  a  similar  maimer; 
we  have  already  seen  an  instance  of  this  in  the  end-platee  of 
voluntary  muscle. 

The  grey  matter  of  the  cerebellum  contains  a  large  number  of 
small  nerve-cells,  and  one  layer  of  large  cells  which  are  shown  in 
fig.  192,  D  d.    They  are  flask-shaped,  and  are  called  the  cells  of 


Fig.  195.— Multipolar  nenre-oell  from  anterior  hdtn  of  spinal  oord ;  a,  azia  cylinder 
proceas.    (Max  Bchnltae.) 

Purkinje.  The  neck  of  the  flask  breaks  up  into  branches,  and  the 
axis  cylinder  process  {ax)  comes  ofi*  from  the  base  of  this  flask. 

In  the  grey  matter  of  the  cerebrum  the  nerve-cells  are  variouB 
in  shape  and  size,  but  the  most  characteristic  cells  are  large,  and 
pyramidal  in  shape.  They  are  especially  large  and  numerous  in 
what  are  called  the  motor  areas  of  the  brain.  The  apex  of  the 
cell  is  directed  to  the  surface ;  from  the  angles  branching  pro- 
cesses  originate  ;  the  axis  cylinder  process  comes  off  from  the 
base  of  the  pyramid  (fig.  196,  a,  b).  The  next  figure  (fig.  196) 
shows  a  section  of  cerebral  cortex  prepared  by  Grolgi*s  method. 

The  study  of  the  nervous  system  by  the  valuable  method 
introduced  by  Golgi  has  led  to  some  new  conceptions  as  to  its 
structure.  The  whole  nervous  system  consists  of  nerve-cells  and 
their  branches,  supported  by  neuroglia  in  the  central  nervous 
system,  and  by  connective  tissue  in  the  nerves.  Some  of  the 
processes  of  a  nerve-cell  break  up  almost  immediately  into  smaller 
branches  ending  in  arborescences  of  fine  twigs ;  these  branches 
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I  called  dendront  and  the  fine  twigs  dendrites ;  one  branch  be- 
tnaa  the  long  axis  cylinder  of  a  nerve-fibre,  but  it  also  ultimately 
minates  in  an  arborisation.  It  is  called  the  axis  cylinder 
oeett,  or  the  cueon^  or  the  newron.  The  term  neurony  however,  is 
plied  by  most  writers  to  the  complete  nervt-v^nit^  that  is,  the  body 
the  cell,  and  all  its  branches.  Some  observers  have  supposed 
at  the  axis  cylinder  process  is  the  only  one  that  conducts  nerve 


Hf.  196.— Cerebml  cortex  of  mammal,  x    . 

cells ;  K,  nearoglia-cell. 


by  Golgi'8  method. 
(Bamon  y  Cajal.) 


A,  B,  c,  D,  r,  nerve 


impulses,  the  dehdrons  being  rootlets  which  suck  up  nutriment  for 
the  nerve-celL  This  exclusive  view  has  not,  however,  been  gene- 
raUy  accepted ;  the  dendrons  may  be  nutritive,  but  it  is  believed 
that  they  also,  like  the  rest  of  the  nerve-unit,  are  concerned  in 
the  conduction  of  nerve  impulses.  A  strong  piece  of  evidence  in 
this  direction  is  the  fact  that  the  fibrils  of  the  axis  cylinder  may 
be  traced  through  the  body  of  the  cell  into  the  dendrons. 

The  next  idea  which  it  is  necessary  to  grasp  is,  that  each 
nerve-unit  (cell  pliis  branches  of  both  kinds)  is  anatomically  inde- 
pendent of  every  other  nerve-unit.  There  is  no  anastomosis  of 
the  branchee   from   one  nerve-cell  with  those  of  another;  the 
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arborisations  interlace  and  intermingle,  and  nerve  impalaaB  ti« 
transmitted  from  one  nerve-unit  to  another,  but  not  bj  ooDtiiiiKmi 
structures.  The  impulses  are  transmitted  through  contigaoiiii^  but 
not  through  continuous  structures.  A  convenient  expression  for 
the  intermingling  of  arborisations  is  synapse  (literally,  a  clasping). 
This  fact  is  a  little  difficult  to  realise  at  first.  The  old  notioD  of  i 
reflex  action  was  the  following  :  a  sensory  nerve-fibre  is  stimulated 
at  S  (fig.  197),  the  impulse  is  carried  up  to  a  sensory  nerve^Q 
(S  C),  transmitted  to  a  motor  nerve-cell  (M  C)  by  branching  pro- 


M.C 


Fig.  197.— Reflex  aotion :  old  idea. 


cesses  connecting  the  two  (I),  and  then  reflected  down  the  motor 
nerve-fibre  to  the  muscle  (M)  which  executes  the  action. 

The  figure  on  the  next  page  is  a  diagram  of  our  new  notion  of  i 
reflex  action.  Excitation  occurs  at  S,  as  before,  and  the  impokeii 
transmitted  by  the  sensory  nerv^e-fibre  to  the  nerve-centre,  where 
it  ends  not  in  a  nerve-cell,  but  by  arborising  around  a  nerve-oell 
and  its  dendrons.  The  only  nerve-cell  in  actual  continuity  with 
the  sensory  nerve-fibre  is  the  one  in  the  spinal  ganglicm  (G)  from 
which  it  grew. 

The  terminal  arborisation  of  the  sensory  nerve-fibre  merely 
interlaces  with  the  dendrons  of  the  motor  nerve-cell ;  yet  simplj 
by  this  synapse,  the  motor  nerve-cell  (M  C)  is  afibcted  and  seods 
an  impulse  by  its  axis  cylinder  process  to  the  muscle  (M). 

A  very  rough  illustratiou  wliich  ma.^  Vv^V^  owa  \w  T«dS»a&%\Sii3fl^ 
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may  be  taken  as  follows :  Suppose  two  trees  .standing  side  by 
aide ;  their  stems  will  represent  the  axis  cylinders ;  their  branches 
the  dendrons.  If  the  trees  are  close  together  the  branches  of  one 
will  intermingle  with  those  of  the  other:  there  is  no  actual 
branch  from  the .  one  which  becomes  continuous  with  any  branch 
of  the  other ;  but  yet  if  the  stem  of  one  is  vigorously  shaken, 
the  close  intermixture  of  the  branches  will  affect  the  other  so 
that  it  also  moves. 

Another  very  important  general  idea  which  we  must  next  get 
hold  of,  is  that  a  nervous  impulse  does  not  necessarily  travel 


Fig.  198.— Reflex  action :  modem  idea. 


along  the  same  nerve-fibre  all  the  way,  but  there  is  what  we 
may  term  a  ay$tem  of  rdays.  The  nervous  system  is  very  often 
compared  to  a  telegraphic  system  throughout  a  country.  The 
telegraph  offices  represent  the  nerve-centres,  the  afferent  nerve- 
fibres  correspond  to  the  wires  that  carry  the  messages  to  the 
central  offices,  and  the  efferent  nerve-fibres  are  represented  by 
the  wires  that  convey  messages  from  the  central  offices  to  more 
or  less  distant  parts  of  the  country.  This  illustration  will  serve 
us  very  well  for  our  present  purpose,  provided  that  it  is  always 
remembered  that  a  nervous  impulse  is  not  elecjtricity.  Suppose, 
now,  one  wishes  to  send  a  message  from  the  metropolis,  which 
will  represent  the  brain,  to  a  distant  house,  say  in  the  Highlands 
of  Scotland.  There  is  no  wire  straight  from  London  to  that 
house,  but  the  message  ultimately  reaches  the  house ;  one  wire 
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takes  the  message  to  Edinburgh ;  another  wire  carries  it  on  to 
the  telegraph  station  in  the  town  nearest 
to  the  house  in  question ;  and  the  last 
part  of  the  journey  is  aocomplished  by 
a  messenger  on  foot  or  horseback,  llier* 
are  at  least  two  relays  on  the  journey. 

It  is  just  the  same  with  the  nervous 
system.  Suppose  one  wishes  to  move  the 
arm ;  the  impulse  starts  in  the  nerve-cells 
of  the  brain,  but  there  are  no  fibres  that 
go  straight  from  the  brain  to  the  muscles 
of  the  arm.  The  impulse  travels  down 
the  spinal  cord,  by  what  are  called  pyra- 
midal fibres,  to  the  nerve-cells  of  the  spinal 
cord,  and  from  these  cells,  fresh  nerve- 
fibres  pass  to  the  arm-muscles,  and  con- 
tinue the  impulse.  Here  again  the  con- 
nection between  the  nerve-units  is  by  con- 
tiguity, not  by  continuity.  This  is  shown 
in  the  accompanying  diagram.  The  cell 
of  the  cerebral  grey  matter  is  represented 
by  C.  C,  the  pyramidal  nerve-fibre  ar- 
borises around  the  cell  of  the  spinal  cord 
(S.  C.)  from  which  the  motor  nerve-fibre 
arises,  and  which  carries  on  the  impulse. 
The  spinal  cord  cells  are  thus  surrounded 
by  arborisations  (synapses)  derived  not 
only  from  the  sensor}'  ncn-es  (S),  but  by 
fibres  from  the  upper  part  of  the  nervous 
HVHtcin.  We  now  see  how  it  is  possible 
tliat  rctlex  actions  in  the  cord  may  be 
controlltHl  by  inipulHOH  from  the  brain. 

The  slicaths  of  tlie  ner>'e-fibre8  are  not 
shown  in  the  diagmtn. 

Tlie  system  of  relavH  is  still  more  com- 
plicated in  the  cohc  of  sensory  impulses, 
as  we  shall  see  later  on  ;  the  same  is 
tnie  for  tlie  motor  pith  to  involuntary 
muscle,  accessory  coll-stutions  being  situ- 
ated in  the  Hyniywithetic  ganglia. 

In  concluding  this  chapter  we  may 
return  for  a  inoiiient  to  the  subject  of  de- 
feneration. If  the  nerve-fibre  is  cut  off 
from  its  connection  with  the  spinal  nerve-cell,  tlie  peripheral  end 
degenerates  as  far  as  the  nmscle. 


Fig.  1)0.— Diafrrmm  of  aa 
oU'iucDt  uf  the  motor 
path,  r.8.,  upper  aeg- 
meiit ;  L.S.,  lower  ae^- 
iniTit ;  C.C,  cell  uf  cere- 
bral cortex ;  8.C.,  cell  of 
Rpinal  cord,  in  anterior 
ct»mu ;  M,  the  miMcle ;  S, 
path  from  HeniM>ry  nerw 
rootM.    (After  Oowcw.' 
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Suppose^  now,  the  pyntmidal  fibre  were  cut  across,  the  piece  still 
attached  to  the  brain -cell  would  remaiti  heAlthy,  but  the  peripheral 
end  would  degenerate  as  far  m  the  synapse  round  the  spinal 
cell  (S*  C*),  but  not  beyond.     We  can  thus  use  the  degeneration 

fcthod  to  trace  out  tracts  of  nen^e-fibres  in  the  white  matter  of 
ic  central  ner^^ous  system.    The  histological  change  in  the  fibres 
here  the  same  as  that  already  described  in  the  nenes,  except 
thmt,  as  there  is  tio  primitive  sheath,  there  can  be  no  multiplica- 
tion of  its  nuclei ;  there  h  instead  an  over-growth  of  neuroglia. 
I>egeiierated  tracts  consequently  stain  differently  from  healthy 
Kbite  matter,  and  cau  be  by  this  means  eaatly  traced. 
■  Another  method  of  research  which   leads  to  the  same  results 
^P  the  degeneration  method  is  called  the  embryological  method. 
^nie  nerve-fibres  which  grow  from  different  groups  of  nenre-cells 
become  fully  developed  at  different  dates,  and  so  by  examining 
brains  and  cords  of  embryos  of  different  ages,  one  is  able  to  make 
out  individual  tracts  before  they  have  blended   in  the  general 
tmm  of  white  matter. 

We  shall^  however,  return  to  this  subject  when  later  on  we  are 
iidying  the  physiology  of  the  central  nervous  system  in  detail. 

have  learnt,  for  the   present,  sufhcient  of  the  manner  in 
ich  the  nervotis  system  acts,  to  be  ai4e  to  understand  the  way 
vhich  it  regulates  the  activities  of  the  vascidar,  respiratory 
other  mechanisms  which  it  is  convenient  to  consider  next. 


CHAPTEK    XVIIL 

THE    CIECULATORY    SYSTEM, 

TttE  circulatory  system  is  the  collection  of  organs  which  have 
for  their  function^  the  oirculation  of  the  blood.  It  consists  of  the 
kiarii  the  arteries  or  vessels  that  carry  che  blood  from  the  heart  to 
other  parts  of  the  body,  the  veim  or  vessels  that  carry  the  biood 
back  to  the  heart  again,  and  the  capillaries,  a  network  of  minute 
tubes  which  connect  the  terminations  of  the  smallest  arteries  to 
the  commencements  of  the  smallest  veins.  We  shall  also  have  to 
consider  in  connection  with  the  circulat^^ry  system,  (i)  the 
l^tphatiea,  which  are  vessels  that  convey  back  the  lymph  (the 
iuid  which  exudes  through  the  thin  walls  of  the  blood-capillaries) 
to  the  large  veins  near  to  their  entrance  into  the  heart,  and  (2) 
the  large  lymph  sjtaces  contained  in  the  ierous  mmnbranei* 

o  2 
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The  Heart. 

Thi^  is  the  great  central  pump  of  the  circulatory  system.  It 
is  contained  in  the  chest  or  thorax.  It  lies  between  the  right 
and  left  lungs  (fig.  200),  and  is  enclosed  in  a  covering  called 
the  pericardium.  .  The  pericardium  is  an  instance  of  a  serom 
membrane.  Like  all  serous  membranes  it  consists  of  two  layen; 
each  consists  of  fibrous  tissue  containing  a  large  amount  of  elastic 
fibres  ;  one  layer  envelopes  the  heart  and  forms  its  outer  covering 


Polmdnaiy 
Aztezy. 


Right 
Lnng. 


Diaphragm. 

Fig.  200.— View  of  heart  and  lungH  io  situ.  The  froni  portion  of  the  diest-wall  and  the 
outer  or  parietal  Uyers  of  the  pleurse  and  pericardium  have  been  remoTod.  The  Inngi 
are  partly  collapsed. 


oi  epicardium  ;  this  is  the  visceral  layer  of  the  pericardium ;  the 
other  layer  of  the  pericardium,  called  its  parietal  layer,  is  situated 
at  some  little  distance  from  the  heart,  being  attached  below  to  the 
diaphragm,  the  partition  between  the  thorax  and  the  abdomen. 
The  visceral  and  parietal  layers  are  continuous  for  a  short  distance 
along  the  great  vessels  at  the  base  of  the  heart,  and  so  form  a  closed 
sac.  This  sac  is  lined  by  endothelium ;  in  health  it  contains  just 
enough  lymph  to  lubricate  the  two  surfaces  and  enable  them  to 
glide  over  each  other  smoothly  during  the  movements  of  the 
heart.  The  presence  of  elastic  fibres  in  the  membrane  enables 
the  epicardium  to  follow  without  hindrance  the  changing  shape  of 
the  heart  itself. 
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The  ptiiioirdiiim  i»  n  comfuu-atirelj  simple  setnii^  membrane,  because  the 
f»rK»u  It  fmdoacs  in  a  sinj^le  one  of  siiDple  esteroRl  form-  All  i^eroiiP 
mensbtuncs  are  of  sitnilar  •^rmcture  ;  tliiaa  the  pl**HTii  which  cnctoees  thp 
Idtig^  KtiJ  the  ptfiHtitttevm  which  enclosefl  tb«  abAominAl  vigcem  ilijjer  fnim 

I  ii  <3m}j  in  AHAt  urn  leal  armngement.  The  great  romplesjt/  of  the  jieritoneum 
is  dae  to  itjt  enclosing  sa  niaay  orgaus.  Every  ^roui.«)  membruDe  oonfidsl-H 
of  Ik  TiKHsrsil  lajet  Applied  tathe  organ  or -organs  it  eocloges  :  and  a  parietal 

I  Ujrer  eontiuuoaa  with  this  m  coDligTiity  with  the  parit?tc9  oi  botij- walls. 

The  Chambers  of  the  Heart, — The  interior  of  the  heart  Is 

divided  by  a  latigitiidinal,  partitiou  in  «uah  a  maimer  as  to  farm 
two  chief  chamhers  or  cavities*^— right  and  left.  Each  of  thete 
chambers  ii  again  Bubd>vided  transveraely  into  an  upper  and  a 
lower  portion,  called  respectively,  auricle  and  ventricle,  which 
freelj  oomiiiuniuate  one  with  the  other ;  the  aperture  of  conimuni- 
laitiou,  howeTeFj  is  guarded  hy  valves,  so  disposed  a^  to  allow 
blof>d  to  pass  freely  from  the  auricle  into  the  ventricle,  but  not  in 
the  opposite  direction.  There  are  thus  four  cavitiea  in  the  heart 
— the  auricle  and  ventricle  of  one  aide  being  quite  Bepamte  from 
ihoee  of  the  other  (iigs.  201,  302). 

Mi^hi  Auridt. — The  right  auricle  is  situated  at  the  right 
part  of  the  base  of  the  heart  in  front  It  is  a  thin  walled 
canity  of  more  or  less  quadrilateral  shape,  prolonged  at  one  comer 
iato  a  tougue€haped  portioo,  the  right  auricuhir  apjjendix^  which 
tlightly  overlaps  the  exit  of  tlie  great  artery,  the  aorta^  from 
heart 

The  interior  is  smooth,  being  lined  with  the  general  lining  of 
the  heart  the  endoGafdiuni^  and  into  it  open  the  superior  and 
inferior  venas  cavie,  or  great  veins,  which  convey  the  blood  from 
all  parts  of  the  body  to  the  licart.  The  opening  of  the  inferior 
iiava  is  protected  and  jjartly  covered  by  a  membrane  called  the 
Eustachian  iKilw.  In  the  posterior  wall  of  the  auricle  is  a  slight 
depression  called  th<?  fossa  ovalis,  wliich  corresponds  to  an  open- 
ing between  the  right  and  left  auricles  which  exists  in  fcetal  life. 
The  coronary  nntts,  or  the  dilated  portion  of  the  right  coronary 
vein,  also  opens  into  this  chamber* 

Mit/ht  Vefitride. — The  right  ventricle  occupies  the  chief  pail  of 
the  anterior  surface  of  the  heart,  as  well  as  a  small  part  of  the 
posterior  surface  ;  it  forms  the  right  margin  of  the  heart.  It 
takes  no  part  in  the  formation  of  tlve  apeiK.  On  section  its  cavity, 
in  €ouae<]uence  of  the  encroaclmient  upon  it  of  the  septum  veutri- 
culorum,  is  semi  lunar  or  ereacentic  (fig»  203) ;  into  it  are  two 
opentugs,  the  auriculo' ventricular  at  the  base  and  the  opening 
of  the  pulmonary  artery  also  at  the  base,  but  more  to  the  left ; 
both  orifices  are  guarded  by  vaives,  the  former  called  tricuspid 
and  the  latter  $fmilu7iar.      In  thia   ventricle  are  also  the  pro 
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jeetionft  of  the  muse  alar  tissue  called  colimincs  cartiem  (deecnWi 
at  length  p.  202), 

Left  Auride.— The  left  auricle  is  situated  at  the  left  and  poaterior 


Fig.  ioi.— The  Tight  fturic-le  »nd  Teutricle  opened*  and  u  j>ort  of  their  ri^ht  imd  anterior 
wmUt  removed,  nti  as  to  jthow  tht*Lr  interior.  ^.— i,  Aupchur  vetia  cara;  £,  ififerfOf 
vmm  cava ;  x  ,  h^p^tw  vp.ma  t-ut  tthort ,  j,  tiirJit  aiirielti  ;  3  ,  i^ljioed  in  ti»  fov*  ovftUftj 
below  vthlch  i^  thp  EuMtachiiit]  valve  ;  i^'\  1h  pU«Ml  closw  to  tht  aperture  of  the  c ^ — 


die pulmiinaJT  art* ry-  *  PArt  of  the anterioi-  wull  of  that  VL>Mel  htvinfir been  ranoved, 
■sd  «.  nAiTow  pijrtiou  o(  it  prt*prved  at  iU  comnie-ncemiJiitt  where  the  aemilim&r  valreii 
on  mttfiched ;  7,  mi&CArJty  of  tbi;  Aortic^  arch  dlose  to  the  eord  of  the  duL'tuM  artfqiomu ; 
^,  fttfbeadjxig  piii  or  nioUR  of  th*  wxh  covered  at  i^  toaaaeactmu^nt  by  the  aartmiljj- 
appcmluc  aua  pultTionar)'  arti^nr ;  y,  placed  between  the  hmomiDate  and  t&f t  cftixrtjd 
ifftele*;  10,  iippt^di^  of  the*  l«it  unnple;  11,  ii,  the  OQtndje  of  the  left  venttricib,  tlie 
lower  figrnnd  ueai-  the  npeji..     [A  Hen  Thuuitoa.) 

part  of  the  base  of  the  hearty  and  is  beat  seen  from  behind, 
quadrilateral,  and  receivea  on  either  side  two  pulmonary  veins. 
The  aurieular  appeudk  is  the  onJy  part  of  the  auricle  seen  from 
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fronts  ajid  correftponds  with  that  on  the  right  dde^  but  is 
bicker^  and  the   interior   is  Hnioothen     The  left  auricle  is  only 
llightly  thicker   thjin  the  rights     The    left  auriculo- ventricular 


f.  102.— Tb«  left  jutride  and  T(!ntr1dfi  opened  ftod  n  part  of  tbdr  anteHDr  ud  left  mdli 
ROdVod.  (.— Tha  pulmonAff  Att^ry  htm  been  divided  At  Ita  enromwwigsWBt  ^  tlw 
cnoiiDg  into  the  left  ventricle  is  ciuTJed  a  tihoit  dii^taace  inta  tlio  aorta  betwwn  two 
m  Him  icvniientti  of  thi*  iwmilaiiiar  Yiilvrs;  iind  thi;  k-'ft  pfitt  at  tlu?  nuticle  vjtJi  tt« 
AfrpcDdijc  ba«  bees  r^mov*?^!.  Tbe  ridrtit  auiidg  ia  oat  of  ^lew,  t^tht  two  right  pul- 
iiafttT^-"  -'•'■••-  -utvimiti  Uatir  openmfni  arc  m«n  wiOiiii  the  &iirido;  1',  plac^  within 
th^  luind^  oil  tlie  left  tide  of  tlw  fratnm  and  on  th«  p^ 

T^Ti  '  iklTe  III  tlw  lonmieD  0Ta]ff«  of  wblcii  Hie  fireiicjeDttc  fold  ia  seen  towtudH 

tht  j,v.v  jjLiij.i  -.t  1  ;  2.  H aaiTfiw portjoii  of  the  mil  of  tJie attncle  and Tentricl0pfi»K<!rvi*d 
ratind  the  auriculo-ventrioulur  *'rifice ;  3,  j',  the  oat  nuifaceof  the  waUaof  the  ventrifiL&p 
«een  to  W^ortmr  veiy  much  thin[if?r  towmiQii  j'',  at  the  apex;  |,a  nnall  part  of  tlv<i 
utefior  wall  of  thc^  kf t  vMisiriole  whiEih  haM  been  preEwrrvd  wjth  th«  prindpnJ  anttoiof 
ealttmmB  CKrD«-4  or  miaf^ulupi  pApiUAtia  attached  to  it ;  5,  ^,  tauflcujl  papiHaiT^  ^  5',  the 
left  iide  of  the  Meptum.  tietween  the  two  ventride*,  mthJn  the  cavltjr  ol  the  k-It 
-^---^"  '  '    ;  6, 6'.  thi»  mitral  valve ;  7,  pJ*ced  ta  tJi*?  interior  of  tht?  aarta,  m^ar  ite  iKtm* 

nt  and  above  thv'  three'  iwamcnte  of  ita  neuitliinar  valvt^  whlcih  ilw  hiuigiap 

/  toofiher ;  7*  the  CTt^^dor  of  the  groat  aoitio  ^aim  ^  $,  the  root  of  the  pulxaonafj^ 
aad  iU  tfTnilatiat  valv^;  8*.  the  M^parati^  portion  of  the  pulmomuy  artery 
iitUtbiHi  to  tbi»  ar>rta  hy  0,  tlie  cortl  of  tho  dtictaH  artdiomifl ;   lo^  the 
Off  from  the  nimmii  of  the  Kortic  arch.     ^AUeji  Thomaon.) 
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orifice  is  oval,  and  a  little  smaller  than  that  on  the  right  side 
There  is  a  depi'^aiou  on  the  aeptuni  between  the  auricles,  whidi  i-* 
a* vestige  of  the  foramen  between  them,  that  eiiats  in  feetal  Ufe. 
Ltfi  Xf^niriclf. — ^T  ho  ugh  taking  part  to  a  comparatively  sligk 
extent  in  the  anterior  surface^  the  left  ventricle  occupies  tbe 
chief  part  of  the  posterior  surface.  In  it  are  two  openingi  vef)* 
close  together,  vix,  the  aiiriculo^yentricular  and  the  aortic^  guarded 
by  the  valves  corresponding  to  those  of  the  right  side  of  the  hean, 
viz.  the  bicuspid  or  mitral  and  the  ternilunar.  The  fii*st  opeuin^ 
is  at  the  left  and  back  part  of  the  baae  of  the  ventricle,  and  t]i« 
aortic  in  front  and  towards  the  right,  In  this  ventricle,  as  in  lb« 
right,  are  tlie  columns  camero,  which  are  amaller  but  more 
closely  reticulated.     They  are  chiefly  found  near  the  apex  and 


OfiMty  of  rif ht  Tenttide, 


Cnvlty  off  left 


Ptg,  aoj.— THUBfewe  wetiOT  of  bullock '«  heart  in  a  state  of  cAdaTcric  rigidity-.    (DiUtoa.  i 

along  the  posterior  walL  They  will  be  again  referred  to  with  the 
description  of  the  valves.  Tljc  walla  of  the  left  ventricle,  which 
are  nearly  half  an  inch  in  thickness,  are,  with  the  exception  of  the 
apex,  about  three  times  as  thitik  as  those  of  the  right. 

Capacity  of  the  OhamberB.^ — ^ During  life  each  ventricle  is 
capable  of  containing  about  three  ounces  of  blood.  The  capacity 
of  the  auricles  after  death  is  rather  less  than  that  of  the 
ventricles :  the  thicknesii  of  their  walls  is  considerably  less. 
The  latter  condition  is  adapted  to  the  small  amount  of  force 
which  the  auricles  require  in  order  to  empty  themselves  into 
their  adjoining  ventricles  ;  the  former  to  the  circumstance  of 
'  the  ventricles  being  partly  filled  with  blood  before  the  auricles 
contract. 

SiEe  and  Weight  of  the  Heart,^The  heart  is  about  5  inches 
long  {about  12-6  cm.),  5  J  inches  {8  cm*)  greatest  Midth^  and  a  J 
inches  (6*3  cm.)  in  its  extreme  thickness.  The  average  weight  of 
the  heart  in  the  adult  is  from  9  to  10  ounces  (about  300  grms.) ; 
its  weight  gradually  increases  throughout  life  till  middle  age ; 
it  dimiuishes  in  old  age. 
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Sferuoture.'^The  walls  of  the  hei\rt  are  constructed  almost 
eutlreljr  of  lajera  of  musLndar  fibres  (p.  94)  ;  but  a  ring  of  con- 
nective tisdue,  ttj  which  isoine  of  the  muscular  fibres  are  attached. 
Is  in»ert-cd  between  e^ich  auricle  and  ventricle,  and  forma  the 
bouiidarv  of  the  auriado-ventrijcular  opening,  FibroiM  tissue  also 
eii8t«  at  the  origins  of  the  pulmonary  artery  and  aorta. 

TUe  miiseular  fibres  of  each  auricle  are  in  part  continuous  with 
tiioee  of  the  otheT,  and  partly  separate  ;  and  the  aame  remark 
liolds  true  for  the  ventricles.  Some  UiUBcular  fibres  td^o  pasa 
ititott  the  Lendiuoiis  ring  which  separateH  each  auricle  from  the 
OOTPespimdinjjf  ventricle. 

EndooardiuHi, — ^Aa  the  heart  is  clothed  on  the  outside  by  the 


f|f.  iD4.— NetvoilE  iA  muscaUT  flbren  from  the  heut  of  &  pig.  The  nuclei  are  well  shown. 
X  4?iE>-    CKleiQ  wjJ  Noble  8nuth4 

^Dicardiuni,  so  itn  cavities  are  lined  bj  a  smooth  and  shiniDg 
Kembrane,  or  endocardium,  which  is  directly  eoTitinuous  m  ith  the 
tntemal  lining  of  the  arteries  and  veins.  The  endocanlium  is 
oompoaed  of  connective  tissue  with  a  large  admixture  of  elastic 
fibres  ;  its  inner  sitrfut-e  is  covered  by  endothelium.  Here  and 
Xhtre  uiistriped  muscular  fibres  are  aometimes  found  in  the  tissue 
of  the  endot^rdium. 

Valves. — The  arniugcment  of  the  heart's  valvea  m  such  that 
the  blood  can  pass  only  iu  one  direction  (fig.  205). 

The  trien^/ftd  viihe  (5,  fig.  201)  presentii  tkrff  principal  cusp® 

or  gul>di\nsions,  and  the  mitrtil  or  fjicmpid  valve  has  two  Buoh 

]ionions  (6,  fig,  202).      But  in  both  valves  there  is  between  each 

^Mo  principal  portions  a  smaller  one  :  f>o  that  more  properly,  the 

Bicuspid  may  be  described  as  oomsistiug  of  six,  and  tlie  mitral  of 

Bur^  portions*     Each  portion  is  of  triang^ular  form.      It^  base  i^ 

Jbutinnoua   with  the  bases  of  the  neighbouring   portions,   bo  as 

to  form  an  annular  membrane  around  the  auriculo-ventricular 

ening^  and  is  ^ed   to  a   tendinous  ring  which   encircles  the 
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OTifioe  between  the  auricle  and  Tentricle  and  receives  the  inaer- 
tionB  of  the  muscular  fibres  of  both.  In  each  principal  cusp  niaj 
be  distinguiabed  a  central  part,  extending  from  base  to  apex,  antl 
including  about  half  its  width.  It  is  thicker  and  much  tougher 
than  the  border  pieces  or  edgea. 

Wliile  the  bases  of  the  cuHpa  of  the  valves  are  fijted  to  the  ten* 
dinous  rings,  their  ventricular  surface  and  borders  are  fastened  by 
slender  tendinous  fibres,  the  chonlee  tnuline^^^  lo  the  internal  surface 


Fj^.  205.— Bia^raxD  of  tbt  cireu^Atioii  through  Uie  h^ATt,    ( Dmi£asi0 


of  the  walls  of  the  ventnclea,  the  muacular  fibres  of  which  project 
into  the  ventricnlar  cavity  in  the  fomi  of  bundles  or  columtm — 
the  etdfrnmuE  camt^g.  These  columns  are  not  all  alike,  for  while 
aome  are  attached  along  tbeir  whole  length  on  one  side,  *wid  by 
their  e]ttremLties^  others  are  attacljeti  only  by  their  eitremitjea; 
and  a  third  setj  to  which  the  name  rmacuti  papillarei  has  been 
giveuj  are  attached  to  the  wall  of  the  ventricle  by  one  extremity 
only  J  the  other  projecting,  papilla-like,  into  the  cavity  of  the 
ventricle  (5,  fig.  202),  and  having  attached  to  itchordfe  tendinee* 
Of  the  tendinous  cords,  besides  those  which  pass  from  the  walls 
of  the  ventricle  and  the  musculi  papil lares  to  the  margins  of  the 
valves,  there  are  aonie  of  especial  strength,  which  pass  from  the 
iame  parts  to  the  edges  of  the  midflle  and  tliicker  portions  > 
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cusps  before  referred  to.  The  ends  of  these  cords  are  spread  out 
in  the  substance  of  the  valve,  givmg  its  middle  piece  its  peculiar 
strength  and  toughness ;  and  from  the  sides  numerous  other  more 
slender  and  branching  cords  are  given  off,  which  are  attached  all 
over  the  ventricular  surface  of  the  adjacent  border-pieces  of  the 
principal  portions  of  the  valves,  as  well  as  to  those  smaller 
portions  which  have  been  mentioned  as  Ijring  one  between  each  two 
principal  ones.  Moreover,  the  musculi  papillares  are  so  placed 
that,  from  the  summit  of  each,  tendinous  cords  proceed  to  the 
adjacent  halves  of  two  of  the  principal  divisions,  and  to  one 
intermediate  or  smaUer  division,  of  the  valve. 

The  preceding  description  applies  equally  to  the  mitral  and 
tricuspid  valve ;  but  it  should  be  added  that  the  mitral  is  con- 
siderably thicker  and  stronger  than  the  tricuspid,  in  accordance 
with  the  greater  force  which  it  is  called  upon  to  resist. 

The  gemilunar  vcdves  guard  the  orifices  of  the  pulmonary  arteiy 
and  of  the  aorta.  They  are  nearly  alike  on  both  sides  of  the 
heart;  but  the  aortic  valves  are  altogether  thicker  and  more 
strongly  constructed  than  the  pulmonary  valves,  in  accordance 
with  the  greater  pressure  which  they  have  to  withstand.  Each 
valve  consists  of  three  parts  which  are  of  semilunar  shape,  the 
convex  margin  of  each  being  attached  to  a  fibrous  ring  at  the 
place  of  junction  of  the  artery  to  the  ventricle,  and  the  concave 
or  nearly  straight  border  being  free,  so  as  to  form  a  little  pouch 
like  a  watch-pocket  (7,  fig.  202).  In  the  centre  of  the  free  edge 
of  the  pouch,  which  contains  a  fine  cord  of  fibrous  tissue,  is  a 
small  fibrous  nodule,  the  corpus  Arantii,  and  from  this  and  from 
the  attached  border  fine  fibres  extend  into  every  part  of  the  mid 
substance  of  the  valve,  except  a  small  lunated  space  just  within 
the  free  edge,  on  each  side  of  the  corpus  Arantii.  Here  the  valve 
is  thinnest,  and  composed  of  little  more  than  the  endocardium. 
Thus  constructed  and  attached,  the  three  semilunar  pouches  are 
placed  side  by  side  around  the  arterial  orifice  of  each  ventricle  ; 
they  are  separated  by  the  blood  passing  out  of  the  ventricle,  but 
immediately  afterwards  are  pressed  together  so  as  to  prevent  any 
return  (6,  fig.  201,  and  7,  fig.  202).  Opi)osite  each  of  the 
semilunar  cusps,  both  in  the  aorta  and  puhnonary  artery,  there 
is  a  bulging  outwards  of  the'  wall  of  the  vessel  :  these  bulgings 
are  called  the  nnuses  of  Valsalva, 

Stmcttire. — The  valves  of  the  heart  are  formed  of  a  layer  of 
closely  woven  connective  and  elastic  tissue,  over  which,  on  every 
part,  the  endocardium  is  reflected. 
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The  blood  is  coiiTeyed  awaj  from  the  left  ventricle  (as  in  thi 

diagram,  fig.  306)  bj  the  aorta  to  the  arteries^  and  returDtd  to 

the  fight  atiriele  by  the  vmns,  the  aiteries  and  veins  being  em- 

tinuous  with  cAch  other  at  the  far  end  by  means  of  the  mpilhrin. 

From  the  right  auricle  tbe  blood  passes  to  the  right  ventrieJi^ 


itvla  tntm  head 


Fl«!  ^06.— Di*ff«m  of  th«  eircalatiuBu 

then  by  the  pulmonary  artery,  which  divides  into  two,  one 

each  lung,  then  thraug^h  the  pulmotiary  capillaries,  and  through 
the  pulmonary  veins  (two  from  eiitih  lung)  to  the  left  ain^icle. 
From  here  it  passes  into  the  left  ventncle,  which  brings  us  back 
to  where  we  starteil  from. 

The  complete  circulation  is  thui^made  up  of  two  circuits, 
oae,  a  shorter  circuit  from  the  right  side  of  the  lieart  to 
iungs  and  back  again  to  the  left  side  of  the  heart  ;  the  other  atwf 
larger  circuit,  frani  the  left  side  of  the  heart  to  aU  parts  of  the 
body  and  back  again  to  the  right  side.  The  circiUations  through 
the  lungs  and  through  the  fiyatem  generally  are  respectirely 
named  the  Pulmonary  and   ByetSimiQ    ot    \¥.%^t   ^xv4  *|t«i.t*r 
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mrcnlatious.  It  will  be?  noticed  also  in  the  iame  tigitre  that  a 
:iou  of  the  stream  of  blood  haviug  been  diverte<i  once  into 
I  C4kpiUanes  of  the  int^atiiml  cyinal,  and  mnne  other  organs,  and 
rj&thcred  up  again  into  a  single  atreani,  is  a  socotid  time  divided 
its  passage  through  the  liver,  tjefore  it  finally  reaches  the 
and  eompletes  a  revolution.  This  subordinate  stream 
|lbrough  the  liver  is  called  the  Portal  circulation.     A  somewhat 

aiitiilar  aoeessorv  circnlatiou  is  that  through  the  kidueys,  called 
(the  Renal   circulation.      The  difference   of  colouj's   in   fig,  206 

indiaitea  roughly  the  difference  between  arttrial  and  wfutuA  blofd, 
I  The  blood  ie  oxygenated  in  the  lungs,  and  the  formation  of 
I  oiyhecmoglobin  gives  to  the  bhjod  a  bright  ^  ^  ^^ 

^  red  colour.  Thia  oxygenated  or  arteritj 
i  blood  (coutained  in  the  pulmonary  veins,  the 
I  left  side  of  the  heart,  and  sy^iteniic  arteries)  is 

iu  piirt  reduced  in  the  tissues,  and  the  deoiy- 

geuateU  htemoglobln  is  darker  in  tint  than  the 
I  ootyhsenjoglobin  ;  this  venous  blood  pasties  by 
'  the  ftyst eiaic  ?eins  to  the  right  side  of  the  heart 

ind  pulmonary  artery  to  the  lungs,  where  it 
i  ooce  more  receives  a  fresh  supply  of  oxygen. 

S^.^Ii^hQuld^  howevf-r,  bc»  noti!d  tliot  the  hmgs, 
ifl»  the  v^t  of  the  bcwlj,  Are  hImj  su]»pb><i  with 
ftff«rial  bkiod,  which  reaches  it  by  the  brou^hial 
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Fig.  207.— MijiTit*  jirtor: 


viewed  in  lonKiti 
Hecti\m,  f.  Nucleated 
endotlieliAl  membrans. 
with  fiiint  nudei  in 
hkmitn,  luukcd  at  fitnD 
4bciy&.   I.  £ljMticii!£ni' 

ea&t  or  tunicii  media, 
H.  ISmiCK  ttdventiiiiii. 
CSi^^  uid  Noble 
Smith,)    X  sso* 


Pifltribution,'^ — The  arterial  system  begins 
at  the  left  ventricle  in  a  single  lar^c  trunk, 
the  aortii>  xvhich  almost  ini mediately  after  its 
origin  gives  off  in  the  thorax  three  large 
bnnehes  for  the  supply  of  the  head,  neek, 
and  upper  extremities  ;  it  then  traverses  the 
thorax  and  abdomen,  giving  olf  branched, 
aome  large  and  some  «mall,  for  the  supply  of 
the  various  organs  siiid  tissues  it  passes  on  its  way.  In  the  alxlomen 
it  divides  into  two  chief  brandies,  for  the  Supply  of  the  lower  ex- 
tremities. The  arterial  branches  wherever  given  ofi^divide  and  sub- 
divide* until  the  calibre  of  each  subdivision  becomes  very  minute, 
imd  these  minute  vessels  lead  into  capillaries.  Arteriea  are,  as  a 
rule,  placed  in  situations  protected  from  pressure  and  other  daugers, 
and  are,  with  few  exceptions,  straight  in  their  course,  and  fre- 
quently communicate  (auaatjomose  or  inosculate)  with  other  arteric^s. 
I  The  branohett  are  usually  given  off  at  an  acute  angte^  and  the 
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sum  of  the  ieetionai  areaa  o!  the  branches  of  aii  artoij  geiieiillj 
exceeds  that  of  the  parent  trunk ;  and  m  the  distAnee  from  iW 


^S:^    . 


pig.    a ^  endothtiibi  lun,"!!  k  1  s  ■  r  i 

Men;    in,  TTiiiiicular  tiioinrv   th^    t  i 

tiniica  ekiit)4m  exteraiL,  tlmding-  tti**  nif^diii  Im. 

(K]aa  JUbd  Noble  Smith,}    ^  J50, 


I  tiiH'  r-<nirieH:>tivc-tirwili».»  ^IvfoLitiA,  . 


1" 


origin  U  hii^reased,  the  area  of  the  combined  bmnches  is  increased 
also.     After  death,  arteriea  are  iisually  found  dilated  (not  col- 

Ia|v8ed  as  the  veins  are)  and  emptr, 
and  it  was  to  this  faot  that  their 
name  (apTTipla,  the  windpipe)  wa-* 
given  them,  as  the  ancient&  b^ 
lieved  that  they  conveyed  air  to  tbe 
various  parts  of  the  bod j^  As  regitfdij 
the  arterial  aystem  of  the  lungs,  tbe 
pulmonaiy  artery  is  distributed  much 
as  the  arteries  belonging  to  the! 
genenil  ayatemic  circulation. 

Structure. — The  walls  of  the  arte- 
ries are  composed  of  three  ooate^ 
termed  (a)  the  external  or  tuniea 
adventitia,  (h)  the  middle  or  timic*^, 
media,  and  (r)  the  internal  or  timica, 
intima. 

(a)  The   fMrrmd  coat    or  iunim^ 

admniitxa  (figs.  207  and  208,  a),  th§ 

strongest  and  toughest  part  of  the 

wall  of  the  artery,  is  formed  of  areolar  tissue,  with  which  is  mingled 


Fig,  Jog.  — MiiscuLkt  flbrt-<wH»  from 
hiuiuw  sjtieriea,  magtiifled  |.^o 
dumetem.    (KuLliker.)    n.   ^ll- 


I 
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throughout  a  Qetwork  of  el&Btic  fibres.     At  tlie  inner  part  of  thi& 
wuter  coftt  the  elastic  network  forms,  in  aome  arteries,  ski  distinct 
L  ft   laver   as   to   Ik!   Booietimes    called    the    fjttemai    floitic    coat 
\  (fig.  108,  #), 

(fe)  The  middkeoal  (fig.  30S,  m)  ii  composed  of  both  muscular 

limd  elastic  fibf<es,  wiih  a  certain  proportion  of  areolar  tissue.     la 

lie  hunger  artene«  (ft^.  210)  its  thickness  is  comparatively  as  well 

i  fifaoolately  much  ^rfeater  than  in  the  small  ones  ;  it  constitutes 

BntlotbetiiuiL. 
Bub-eculothelial  Imj^, 


^^ddb  coAt 


f%.  tio.^TnorriefBe  aectkm  of  murt*  through  iatcmol  itiod  abqut  h&lf  ttie  XEklddte  ^OAt. 

the  greater  part  of  the  arterial  walL  The  muscular  fibres  are 
unetriped  (fig.  209),  and  are  arranged  for  tlie  most  part  trans- 
Tersely  to  the  long  axis  of  the  artery ;  while  the  clastic  element, 
taking  also  a  tratisvei-:^  directioti,  is  disposed  in  the  form  of 
closely  interwoven  and  branching  fibres,  which  intersect  in  all 
parta  the  layers  of  nuiscular  Jibre.  In  arteries  of  various  siEes 
there  is  a  differeoce  in  the  proportion  of  the  muscular  and  elastic 
element^  elastic  tissue  preponderating  in  tlie  largest  arteries,  and 
unstriped  muscle  in  those  of  medinm  and  small  sisse. 

(c)  The  inUnial  eotU  is  formed    by  a  layer  of  elastic  tissue. 
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called  the  fenestrated  membrane  of  HenU.  ^  Its  inner  surface  it 
lined  with  a  delicate  layer  of  elongated  endothelial  oeUa  {% 
208,  c),  which  make  it  smooth,  so  that  the  blood  may  flow  with 
the  smallest  possible  amount  of  resistance  from  friction. 

Immediately  external  to  the  endothelial  lining  of  the  artery 

is  fine  connective  tiasue 
{svh-endothelial  layer),  with 
branched  corpuscles.  Thus 
the  internal  coat  conasts 
of  three  parts,  (a)  an  endo- 
thelial lining,  (b)  the  sab- 
endothelial  layer,  and  (e) 
elastic  layer. 

VoMi  Voiorwm,  —  The 
walls  of  the  arteries  aie, 
like  other  parts  of  the 
body,  supplied  with  Uttle 
arteries,  ending  in  capil- 
laries and  veins,  which, 
branching  throughout  the 
external  coat,  extend  for 
some  distance  into  the 
middle,  but  do  not  reach 
the  internal  coat.  These 
nutrient  vessels  are  called 
iHua  vasorum^ 


Fig.  211  .—Ramification  of  nerves  and  termination 
in  the  miuieular  coat  of  a  small  artery  of  the 
frog.    (Arnold.) 


Nerves. — Most  of  the  arteries  are  surrounded  by  a  plexus  of 
sympathetic  nerves,  which  twine  around  the  vessel  very  much 
like  ivy  round  a  tree :  and  ganglia  are  found  at  frequent  in- 
tervals. They  terminate  in  a  plexus  between  the  muscular 
fibres  (fig.  211). 

The  Veins. 

Distribution. — The  venous  system  begins  in  small  vessels  which 
are  slightly  larger  than  the  capillaries  from  which  they  spring. 
These  vessels  are  gathered  up  into  larger  and  larger  trunks  until 
they  terminate  (as  regards  the  systemic  circulation)  in  the  two 
venee  cava)  and  the  coronary  veins,  which  enter  the  right  auricle^ 
and  (as  regards  the  pulmonary  circulation)  in  four  pulmonary 
veins,  which  enter  the  left  auricle.  The  total  capacity  of  Uie 
veins  diminishes  as  they  approach  the  heart ;  but,  as  a  rule, 
their  capacity  is  two  or  three  times  that  of  their  correspond- 
ing arteries.  The  pulmonary  veins,  however,  are  an  exception 
to  this  rule,  as  they  do  not  exceed  in  capacity  the  pulmonaiy 


VEINS. 

irt^cft,  .  The  veioft  an^  faitnd  after  death  more  or  less  collapsed^ 
bring  to  their  want  of  elasticity.  They  are  iiBuallj  distributed 
ft  ii  super6cia1  aud  a  deep  aet  which  comiuunicate  frequently  in 
Beir  ooiifise* 

■  SirHCiurt, — In  itructure  the  coatii  of  veins  bear  a  general  re- 
Bdmblaiitje  to  thoee  of  arteries  (Bg.  212).  Thus^  they  posseae  outer, 
middle^  and  hiteni&l  coats. 

(m)  "Hie  outfr  coat  la  con- 
•feiUirted  of  areolar  tissue  like 
thftt  of  the  arteries  but  it  is 
thicker.  In  Home  veiiis  it  con- 
Caina  nnisctilar  fibres,  which 
are  arranged  longitudtnaDj. 

L{A)  The  middle  coat  ia  con- 
erahly  Ui inner  than  that 
of  tlie  arterie!^ ;  it  contains 
lar  unatriped  mu&cular 
►ree,  mingled  with  a  few 
itic  fibres  and  a  largfe  prn- 
irtton  of  w  h  i  te  fi  I  iroua  tisiiue, 
the  large  veini^,  nt^r  the 
namely,  tlie  venit-  rat'tr 
id  pulmonary  veiim,  the 
Idle  coat  in  replaced,  for 
distance  from  the  heart, 
by  ci  renliirly  arranged  striped 
muscular  fibrca,  eontiuuoiiii 
with  those  of  the  atiricles. 
The  veins  of  bones*,  aud  of 
the  central  nervous  sys^teni 
aod  its  meMibranes  have  uo 
iniiseiilar  tissue. 

(e)  The  miemal  coat  of 
veins  has  a  very  thin  feuestm- 
ted  roembmne,  which  may  be 
ahEsent  in  the  smaller  veins. 
The  endothelium  is  nuide  up 
at  cells  elongated  in  the 
direction  of  the  vessel,  bnt 
wider  than  iu  the  arteries. 


Aftmj  nod  nin  of  the  mueotui  iiiisnl 

wnUed  uMl  the  yt^  t3iiii-wklt«d.  a,  Aitenr, 
the  lett«r  In  vlvsed  in  Ow  Imimi  of  %w 
.  EbdotlMlial  «!!■  with  ntHiid  dmixkv 


vifllbte;  ^oKotsIbApiHiy  T«i7  thick  frtttn  thfe 

of  the  T       '     -  ^    -     - 


conbiaeted  ai^te  m  the  vtn^,  Outnide  it 
A  doable  wury  Une  markiithe  eljiptte  kTcr 
uf  tlie  iimim  IntimB.  m.  TuAic&  inraiB, 
r<iTiMiKtingcjf  ufHtriped  nmacialMT  atom  dt^ 
c  iiUrly  &rraaRed ;  their  nndei  mx*  weU  mBsm . 
^f.  I^ut  of  the  tuaiBA  mdirenidtiiL  nhowiDf 
bimdl€fl  of  e(iitiicctiv»^ttwaftflb»¥  in  station, 
with  the  dnmlar  niacin  of  the  cozmettiv^^ 
^i»[i«  tiorpqiclei.  Thi*  «»t  ffrmluaUf 
mei^iM  int4)  the  «urruiitidlti|f  coimectivi- 
tuvtije.  V.  In  the  lumeji  of  the  vein,  Tht 
other  letten  iuditAbe  tb«  m»mt  w  in  tte 
mrtery.  Thi^  muHciil»r  coat  fjf  tJie  v«fin  » 
M  Me«ti  io  hv  mticb  thinner  tbaa  that  cif  tM 
fcfteiy*    >:  ISO-    {Kleui  «id  Noble  Smith.) 


Talvefl,  —  The  chief   in- 
fiueuee  which  the  veius  have  in  the  circulation,  is  effected  with  th« 
help  of  the  valves,  c<iutained  in  all  veins  subject  to  local  pressure 
from  the  muscles  between  or  near  which  they  run.     The  general 

A.  p.  p 
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construction  of  theie  valves  is  BitnUar  to  tbat  of  the  Setniltiaur 
valves  of  tlie  aorta  and  pulmonary  artery,  already  described ;  Imt 
their  free  margins  are  tumed  in  the  opposite  directtori,  i>.,  fow»arrfi 


Fig.  SI  ^--Biaiirrttin  iibawing  ralveii  rir  v-viiiji.     „„  ^ .. ^ 

»  wiUi  tvQ  x^mm  of  vnlve«L.    h«  [ijOKitudtmiL  rectioii  of  tt  vein,  HtKrwuiir  tb«  uppoaJtioo  « 
.    tlii^  edorim  of  the  vkIvh  ill  their  clotied  stiite. 
" ;,  a  B  welling  is  the  aituftticra  cxf  h  pair  uf  vLtvco. 


paf  t  uf  H  v^in  Uid  open  ao^  Eprnd  cmL 
•tioii  of  K  vein,  Hhciwuiir  t.b«  apposJtioo  « 
c,  pottioQ  of  a  ditftended  ve«i»  cxtufaltiBC 


the  heart,  io  as  to  preTent  any  movemeot  of  blood  backward,  Thaj 
are  commonly  placed  in  pairs,  at  various  distances  in  difierem 
veins,  but  almost  uniformly  in  each  (fig,  215}.   In  the  smaller  veint , 


rSff*  ti4,— * ,  tf  in  with  vwtwm  open.    »,  with  toItw  dmsed ;  strawn  of  blood 
likUnl  chftiiQBl    (Dalt4ja.) 


«#by 


single  valves  are  often  met  with ;  and  three  or  four  are  some- 
times  placed  together,  or  near  one  another,  in  tiie  largest  vein 
such   as    the    subclavian^  at   tVielr   \m\<5tvou   *Atl\   th&   ^u^li 


VALVES   OK   VEIHa 


?€<iiiH,  The  valves  are  semiJunar ;  tiie  unattttclied  edge  is  in  some 
tiiyneipleB  eoncaye,  m  otberg  straight.  Tbey  are  composed  of 
an  outgi'owth  of  the  subendothelial  tissue  covered  with  endothe- 
liiUD.  Their  sittiation  in  the  superficial  veins  of  the  forearm  is 
nsodjiy  discovered  by  preasing  along  their  surfaee,  tn  the  direction 
opposite  to  the  venous  current^  i.**.,  from  the  ellKiw  towards  the 
wTiBt ;  when  little  swell inga  (fig*  ai^^  c)  appear  in  the  position  of 


"^in  d  p(>rt-¥tiUiiTiilar  Ijrtnpl^iJ^^^''  vt"ijitl.  ^k  the  anerj^  Trith  i\A  dx^iilar  mu(<r- 
cuIai  tx«t(m«diA)  JjatiKsiUHl  by  bniiul  tmn^verN?  uiiitkingHp  with  au  ittdiuo,- 
tkrn  of  the  iMlvt^atitia  wut«iiU'.  h  hpiphutie  vetw^l ;  iU  wall  in  a  e^imple 
«iidiiilidijiJ  meml»nuw.    (KMn  nail  Nuol«  Bmitta.) 

each  pair  of  valves.     These  swellings  at  once  disappear  when  the 
preftsofe  is  removed. 

TftlTefl  are  not  equally  numerous  in  all  veins,  and  in  many 

ley  are  absent  altogether.    Tliey  are  most  numerous  in  the  veine 

the  extremities,  and  more  so  in  those  of  the  leg  than  the  arm. 

The  J  are  commonly  ahwmt  in  veins  ol  less  than  a  line  in  dia- 

er,  and,  as  a  general  rule^   there  are  few  or  none  in  those 

ieh  ore  not  subject  to  muscular  pressure.     Among  those  veins 

which  have  no  valves  may  be  mentioned  the  superior  and  infe- 

ior  vena  cava^  the  pulmonary  veins,  the  veins  in  the  interior  of 


H^i( 
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the  cranium  and  vertebral  column,  the  veins  of  bone^  and  the 
umbilical  vein.  The  valves  of  the  portal  tributaries  are  veiy 
inefficient 

LymphfUicB  of  Arteries  and  Veins, — Lymphatic  spaces  are 
present  in  the  coats  of  both  arteries  and  veins.  In  the  external 
coat  of  large  vessels  they  form  a  plexus  of  more  or  less  tubular 
vessels.  In  smaller  vessels  they  appear  as  spaces  lined  by  endo- 
thelium. Sometimes,  as  in  the  arteries  of  the  omentum,  mesenteij, 
and  membranes  of  the  brain,  in  the  pulmonary,  hepatic,  and 
splenic  arteries,  the  spaces  are  continuous  with  vessels  which  dis- 
tinctly ensheath  them — perivascular  lymphatics  (fig.  215). 


The  Capillaries. 

In  all  vascular  textures  except  some  parts  of  the  corpora  caver- 
nosa of  the  penis,  of  the  uterine  placenta,  and  of  the  spleen, 
the  transmission  of  the  blood  from  the  minute  branches  of  the 


Ffg.  216. — Capillary  blood-voeselB  from  the  omentum  of  rabbit,  ahowiiiff  tlM 

eiulothelial  membrane  of  which  thej*  are  composed.    (Kldn  and  N^le  Smith.) 

arteries  to  the  minute  veins  is  effected  through  a  network  of 
capillaries. 

Their  walls  are  composed  of  endothelium — a  single  lay^  of 
elongated  flattened  and  nucleated  cells,  so  joined  and  dovetailed 
together  as  to  form  a  continuous  transparent  membrane  (fig.  216). 
Here  and  there  the  endothelial  cells  do  not  fit  quite  accurately ; 
the  space  is  filled  up  with  cement  material ;  these  spots  are 
called  psfrudo-stotiuita. 

The  diameter  of  the  capillary  vessels  varies  somewhat  in  the 
difiercnt  tissues  of  the  Ixxly,  the  most  common  size  being  abput 
T9jru^^  of  an  inch  (12  p.).    Amou^  the  &u\u.lle«t  may  be  mentioned 


em,  xTfit.) 
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thote  of  the  braiii,  and  of  the  follicles  of  tba  mucous  membrane 
oi  thatntestitiea;  among  the  largest,  those  of  the  skin,  hmgs^  and 
fisped&Ujr  thodc  of  the  n»edulla  of  bones. 

The  $H€  of  Ctt^tHririaH  varies  uoces^iarilj  iu  different  animals  in 
rielatioti  to  the  si*e  of  tlieir  blood-corpnscles ;  thus,  in  the  Proteus, 
the  capBlMj  circuiatioti   can  jimt  be  diacerued  with   the   naked 

The  form  of  the  capillary  network  presents  considerable  variety 
rui  the  different  tissues  of  the  body:  the  varieties  consist 
I  principally    of    modifications  of    two  chief  kinds    of    mesh,  the 


weika  of  tb«  Air-ceUv  nf  tli&  hotw^'e 

pn»e<edmff  (Tom   ^,  h,  turrahwl 
nmnebe*  of  tlw  twlmoiiAiT  ftr- 


Fig.  iiS  — Injwti^d  capil- 


iMO  with  m  Icrw  au^ 
niffEim  power. 

(ghnTpey.) 


[>tmded  and  the  elongate<l.  That  kind  in  vv^hich  the  meshea  or 
interspaces  have  a  roundish  form  is  the  most  common,  and 
Lprevaib  in  those  parts  in  whicli  the  capillary  network  is  most 
rdeu&ef  such  as  the  lungs  (fig,  217)1  most  gland  a  and  mucous 
membraues,  aud  the  cutis.  Tlie  meahes  of  this  kind  of  network 
ane  not  quite  circular  but  more  or  less  angular,  Bometimea  pre- 
SfiDting  a  nearly  regular  quadrangular  or  polygonal  fomi^  but 
being  more  frequently  irregrular  The  capillary  network  with 
elongated  meshes  is  observed  in  parts  in  w^hich  the  vesseln  are 
arranged  among  bundles  of  fine  tubes  or  fibres,  a«  in  mnacles  and 
nerrea.  In  snch  parts,  the  meshes  form  parallelograms  (fig.  2  18), 
llhe  iliOTt  sides  of  which  may  be  from  three  to  eight  or  ten  times 
ilem  than  the  long  ones ;  the  long  sides  are  more  or  leas  parallel 
Ito  the  long  axis  of  tlie  fibres. 
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The  number  of  the  eapillartea  and  Uie  xize  of  ike  mahu  b 
different  parts  determine  in  general  the  degree  of  t*asndnntif  of 
those  parts.  The  capillary  network  is  clowest  iu  the  luaga  m4 
m  the  choroid  coat  of  the  eye. 

It  may  be  held  an  a  general  rule,  that  the  more  active  tk 


aaa  neck,  lif  Mh. 
Biglit  iDterEiAl  jagular 
Biffht  HubfllATun  vein . 

t,ymp\mUi»    of    right 


Boeaptuuliun  d^yU. 


Thrjmcie  duct. 


msd  tisckt  left 
I^ft.  xnbeUTiaiL  Tim. 


LynxpTtiitiiix    of 


T^.  3i9.^BiAgnmi  of  llw  pnrindiMl  groupa  of  Lymphatic  T^»el«>    (P*oitt  QiufB.'f       | 

fuuctiona  of  an  organ  are,  the  more  vascular  it  is.  Henoe  the 
narrowneaa  of  the  interspaces  in  all  glandular  organs,  in  muooiia 
membranes,  and  in  growing  parts,  and  their  much  greater  width 
in  bones,  ligaments,,  and  other  tough  and  comparatively  in^tiv 
iissues. 
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Lympliatic  Vessels. 

Tbe  blood  \mvm  the  heart  hj  the  arteries]  it  returns  to  the 
beart^by  the  veins ;  but  this  last  atiitemeut  requires  modification^ 
for  in  the  capillaries  somo  of  the  blocxi-plaiima  escapes  into  the/ 
cell  B  paces  of  the  tissues  and  uoiiriahes  the  tissue-elements  J 
Thia  fluid,  which  is  calletl  l^mph^  iii  gathered  up  and  carried  baokl 
again'  into  the  blood  hy  a  ayatent  of  vessels  called  lympfmim.        ^ 


I*  Upper  mffninol  g-limd^, 
H<*lLiu  of  lymphoticB  In  Lhif  i 


■Tfiin  and  uppei  part  ot  thwb.    |-— 
:  king  «}fcpheaoa»  \^ixi>    (MABcagiiiiO 


The  principal  vessels  of  tjbe^Ijmphatjc  system ^^e^  in  structure, 
like  smairtEui- walled  veins»  provided  with  numerous  valves.  The 
beaded  appearauce  of  the  lymphatic  vessels  shown  m  figs.  320 
and  2  a  I  is  due  to  the  proHcuce  of  these  valves*  Thej  com- 
mence in  fine  micrMcopic  if/iuph-^JupiUarkSj  in  the  organs  and 
tissues  of  the  hocly,  auU  they  eiul  in  two  trunks  which  open 
hito  the  large  veins  near  the  heart  (Hg*  219).  The  fluid  which 
they  contain,  unlike  tlie    bloody  passes    onlj  iu   one  direction. 


216 


CIRCULATOBY    SYSTEM, 


namely,  from  the  fine  branches  to  the  trunk,  and  m  to  Ui« 
targe  vem»,  on  entering  whiuti  it  Is  mingled  with  the  Ktneflm 
of  blcKKl  and  fonna  part  of  its  constituents,  lu  fig.  219  the 
greater  part  of  the  contents  of  the  lyrnplmtic  Byatera  of  vessels 
will  be  seen  to  pass  through  a  comparatively  large  trunk  cdld 
the  thmncic  ducii  which  linally  empties  its  contents  into  the  blood- 


llf*  Bt.— L^phntJc  TVMeli  of  tfae  h««d  and  m^dt  mid  tk»  tiptH?r  p»rt  f>f  tlic  trwk 
flfwcagnj),  iv"-Thv  cheat  And  pcricArdium  hftve  been  ofpened  on  thjo  Left  i^ddts  ud 
thft  lef t  nuuiunii  detnuihed  and  thrown  outwurdji  over  tliewft  ttm*  ko  «ut  to  i<xpv«  i 
fl«*tpiiTt  of  itet  di^^p  MuH&c^s  Tli^  principaJ  lyniplwtio -thhIb  uic]  irlMnda  oft  tihon 
on  the  xide  uf  the  hi^  und  iiicf>,  ULiid  in  tlw  neck,  sudUiL^  «od  l^rdia!»tinnm,  Bctirecn 
the  left  inttmal  jiijinjJftf  ifid  and  tht  common  carotid  oiteiyf  tha  upf*r  aj»»?mlinK'  mit 
of  th«  UiLira^'ic  duet  marked  x^.  find  abov<j  this,  and  dews^tnlfni'  to  Zt  thi;  KTch  and  lul 
part  i;|  the  duct.  The  terminntion  of  tho  upper  limphafelca  nf  tlie  diaphni^  in  tht 
media^tiiial  g^aada,  as  \f ull  aa  the  cttTdiac  and  the  dieep  moiiLBmrj  lymphattc^,  is  tlno 
■hown. 

Btreani,  at  tlie  junction  of  the  internal  jugular  and  subclavian 
veins  of  the  left  side.  There  it*  a  smaller  duct  on  the  right  side. 
The  lymphatic  vessels  of  the  inteatinal  canal  are  called  la/eUah^ 
because  during  digestion  tho  fluid  contained  in  them  resembles 
miJk  m  appearance ;  and  the  fympA,  in  tke  lacteaia 


lacteaia  ^^'""f  the 

_1 
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^■period   of  ciigestloti  ia  called  chple.     There  m  no  distinctlou  of 
^B^nteture,  howeirar,  between  lac  teals   and  lymphatic^s.     In  Bome 
^^luta  of  its  course  the  lymph-stream 
]     piiKa  thnmgh  itfmphatie  tflandB^  to 
1     bt  deacribed  iatwr  on. 

*  Orufin  of  L^mph   Cit/nUariet. — 

The  lymphatic  cRpillAries  commence 

J      most  common  1 J  either  (a)  in  cloaely- 

Imeibed  networks,  or  (*)  in  irregular 
lioimar  apaeea  between  the  variona 
itmctiirefl    of    which    the    differeat 

) organs  are  compot»6d.  In  ierous 
llxtem  bran  eft  such  as  the  onientum 
mnd  mesenterj  they  occur  as  a  eon* 
pected  system  of  very  irregular 
branched  spaces  partly  occupied  by 
eontiective -tissue  corpiiMcles,  and 
,  in  these  and  other  varieties  of 
connect ive  tissnci  the  cell  spaces 
communicate  freely  with  regular 
Ijmphatto  Teasels,  in  many  ea&eif 
tlioagh  they  are  formed  mostly  by 
the  chinks  and  crannies  between  the 
blood-ves^ls,  secreting  dncts^  and 
other  parts  which  may  liappen  to 
form  the  framework  of  the  organ  in 
which  they  eii&t,  they  are  lined  by 
a  distinct  layer  of  endothelium. 
The  lacteala  offer  an  illustration 
^frf  another  mode  of  origin,  namely 
[(c)  in  blind  dilated  extremities  in 
I  the  villi  of  the  small  intestine.   (See 

Stvmcture  ofLpTfiph  Cuptlifirifs, — 
[The  structure  of  lymphatic  capil- 
lariBa  is  very  similar  to  that  of  blood* 
capillaries ;  their  walls  consist  of  a 
mogle  layer  of  elongated  en<lothelial 
oetls  with  sinuous  outline,  which 
cohere  along  their  e<lges  to  form  a 
delicate  membrane.  They  difler 
from    blood  -  capillaries    mainly   in 

their  larger  and  very  variable  calibre,,  and  in  their  numerous  com- 
municationa  with  the  spaces  of  the  lymph-canalicular  system. 


tfi*;  ftitvftTin  »nd  palm  of  tha  ha&d. 
t . — <;  /r  wr>  HiD&U  ^Asdi  mt  tbe  bend 
of  tile  Ann.  6,  KsdiU  IjmplbAtio 
veA»('lit,  7.  UIj Ar  lympfaatw  YbmjIi, 
H,  &'.  FoltuAr  aiT^h  or  I|^plialioi< 
9t9\  Outer  and  inner  letA  uf  tv»- 

vein*  r,  Ifediiin  vHn-  /*  THiiftr 
vein.  The  IjjTaphatii;'*!  are  irpwi^^ 
mnt«d  Oin  Ij-ing-  ou  the  deep  f aiicl^ 
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In  certain  part«$  of  the  body,  jitmtuita,  exiBt,  by  which  lymphatit 
oapillaries  directly  communicate  with  parts  formerly  auppoaed  to 
be  cloaed  cavities.  They  have  been  found  in  the  pleum,  and  in 
other  serous  niembmnes  ■  a  serous  aivity  thus  forms  a  Large 
lymph-sinus  or  ividening  out  of  the  lymph-cap illary  sy&tem  with 
whicb  it  directly  communicates, 

A  very  typical  plexus  of  lymphatic  capillariea  la  ee^u  in  the 
central  tendon  of  the  diaphragm*  Fig.  223  represents  the  B^pprnx- 
auce  presented  after  staining  with  silver  nitrate. 


fi^S 


PIf .  aij^^Ljiaphatirs  of  central temlcro  of  r^bblit^i  dikpbi-A|nn,  it&kied  wtUi  milYet  nltet*. 
Tli«  ehiMed  bfu^JcgTound  in  coinpoAed  of  bundltti  of  vlitle  IfbresM,  betire^n  whicfa  Um 
li^phaiii'M  lie.    I,  Lyinphatioft  lined  by  Itrng  lUJrtxi*  cmdotlieliftl  i^nlh,  &tid  fthomBf  « 


CHAPTER    XIX. 

THK    CiaCCLATlUN    OF    THE    BLOOD, 

In  ttie  preceding  chapter,  we  have  seen  what  th&  course  of  tha 
circulation  is,  and  we  have  devoted  considerable  npace  to  u  study 
of  tlie  structure  of  the   heart  and  vest»eb.     We   have 


now  to  ^m 


HARVErS    DISCOVERIES. 


approach  the  more  atrictlj  physiological  side  of  the  subject,  atid 
^pttulj  the  meatia  by  which  the  blood  m  kept  in  movement^  bo  that 
^Bt  may  oonTey  tmtriment  to  all  parts,  and  n^niovo  from  thoee  parts 
■  the  Wttste  products  of  their  activity » 

m      FreviuuE  to  the  time  of  ilarvey,  the  Y&gueiit  notions  prevailed 

fegaitlitig  the  tise  and  movements  of  the  blood.     The  arteries 

I  wtr©  supposed  by  some  to  contain  air,  lij  others  to  contain  a 

rjikore  subtle  eiaenoe  calleil  animal  ypirit^  ;  the  animal  spirits  were 

I  stippoeed  to  atart  from  the  ventricles  of  the  brain,  and  they  were 

c?ontrolIcd  by  the  30\d  which  was  situated  in  the  pineal  gland. 

How  the  animal  spirits  got  into  the  arteries  was  an  anatomical 

[detail  w^ch  wan  bridged  acmsti  by  the  ima^iuatiou. 

There  was  an  idea  that  the  blood  moved,  but  this  was  cou- 
deriMi  to  be  a  haphassartl,  to  and  fro  movement,  and  eoufined  to 
be  WHS.  The  proofs  that  the  moveiiient  is  a  movement  in  a 
[circle  were  discovered  by  William  llarvuy,  and  to  thi^  eminent 
lllidcoverer  also  belongs  the  crtniit  of  pcvintin^'  out  the  metiioda  by 
vhich  every  physiological  problem  must  be  studied.  In  the  first 
fpliM^e  there  must  be  correct  anatomical  knowledge,  and  in  the 
tftecond  there  must  be  experiment,  by  whicb  deductions  from 
structure  can  be  tested  ;  moreover,  thiii  second  method  is  by  far 
the  more  important  of  the  tw  ex.  Harvey's  proofs  of  the  circulation 
eime  under  both  these  heads.    The  structural  or  anatomical  facts 

I  upon  which  he  relied  were  the  following; 
I*  The  existence  of  two  distinct  set^s  of  tubes  ia  connection 
with  the  heart,  namely  the  arteries  and  the  veins, 
s.  The  exiiitence   in  one  of  these,  the  veins,  of  valves  which 
would  only  allow  the  passage  of  the  blood  in  one  direction. 
Hk  experimental  facts  were  the  following  : 
3-  That  the  blood  sports  with    great   force   and   in   a  jerky 
manner  from  an  artery  opened  during  life,  each  jerk  corresponding 
with  a  lieat  of  the  heart. 

4,  That  if  the  large  veins  near  the  heart  are  tied,  the  heart 
becomes  pale,  flaccid,  aud  bloodless,  aird  on  removal  of  the  ligature 
the  blood  again  flows  into  the  heiurt, 

»5.  If  the  aorta  is  tied,  the  heart  becomes  distended  with  blood, 
and  cannot  empty  itaelf  until  the  ligature  is  removeii. 
6.  The  preceding  experiments  were  performed  on  animals,  but 
by  the  following  experiment  he  ahowed  that  tbc  circulation  is  a 
fact  bi  man  also ;  if  a  ligature  is  drawn  tightly  round  a  limb,  no 
blood  can  enter  it^  and  it  becomes  pale  and  cold*  If  the  ligature 
is  somewhat  relaxed  so  that  blood  can  enter  but  caimot  leave  the 
limb,  it  becomes  swollen.  If  the  ligature  is  removed,  the  Hnib 
r^gmliiiB  ita  normal  appearance. 
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7.  Harvey  alao  drew  atteutiou  to  the  fact  Uiat  there  h  g^uerml 
uoustituti Glial  disturbance  resulting  from  the  iiitrodiictiou  of  « 
poisou  at  a  single  pointy  and  that  this  can  only  be  explained  by  « 
movemeut  of  the  drculating  fluid  all  over  the  body. 

Since  Harvey ^s  time  many  other  proofs  have  accumulated  ;  for 
inblance : — 

8.  If  an  artery  is  wounded,  hsemorrha^e  may  be  stopped  by 
pressure  ajiplied  between  the  heart  aud  the  wound  ;  but  in  the 
case  of  a  wound  in  a  veiu^  the  pressure  must  be  applied  beyond 
the  seat  of  in  jury » 

9.  If  a  substance  whicbi  like  ferrocyanide  of  potassium^  can  be 
readily  detected^  is  injected  at  a  certain  poiut  into  a  blood  vcasel 
it  will  alter  tlie  lapse  of  a  short  int<?rval  have  entirely  traversed 
the  circulation  and  be  found  in  the  blood  collected  from  the  samt 
point. 

'10.  Our  increased  knowledge  of  the  structure  of  the  heart  and 
its  valves  has  shown  that  its  structure  is  such  aa  to  permit  the 
blood  to  pixm  m  one  direction  only, 

I  r.  Perha|)S  the  moat  ijatisf victory  proof  of  the  circulation  i» 
one  now  within  the  reach  of  every  student,  though  beyond  that  of 
Harvey.  It  conaiejta  in  acttiaUy  seeing  the  passage  of  the  blood 
from  small  arteries  through  capillarieij  into  veius  in  the  trans- 
parent parts  of  animals,  such  as  the  tail  of  a  tadpole  or  the  web 
of  a  frog*«  foot.  Harvey  could  not  follow  this  part  of  the 
circulation,  for  he  had  no  lenaes  sufficiently  powerful  to  enable 
him  to  nee  it*  Harv^ey's  idea  of  the  circulation  here  was  that  the 
arteries  ^carried  the  blood  to  the  tissues,  which  he  considered  to  he 
of  the  nature  of  a  sponge,  and  tiie  veins  collected  the  b!o<xl  again, 
much  in  the  same  way  aa  drainage  pipe**  would  cfillect  the  water 
of  a  swamp*  The  discovery  that  the  ends  of  the  arteries  are 
connected  to  the  commencements  of  veins  by  a  definite  system  of 
small  tubes  we  now  call  capillaries,  was  made  by  Malpight,  in  the 
year  1661*  He  first  observed  them  in  the  tail  of  the  tadpole, 
And  Leeuwenhoek,  seven  years  lat^,  aaw  the  circulation  in  the 
lung  of  tlie  frog* 

We  can  now  prooeed  to  study  some  of  the  principles  on  which 
the  circulation  depends  ; — 

The  simplest  possible  way  in  which  we  could  represent  the 
circulatory  system  is  shown  in  fig,  224  A.  Here  there  h  a  dosed 
ring  containing  fluid,  and  upon  one  point  of  the  tube  is  an 
enlai^ement  (H)  which  will  eorresjKjnd  to  the  heart  It  is 
obvious  that  if  such  a  ring  made  of  aii  ordinary  Higgitison's 
Bjrringe  and  a  tube  were  placed  upon  the  table,  there  would  b^  ua 
movement  of  the   fluid  iu   it ;  in  order  to  make  the  fluid  moft 


I 
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there  must  be  a  difference  of  pressure  between  different  parts  of 
the  fluid,  and  this  difference  of  pressure  is  caused  in  the  fluid  by 
the  preasore  on  it  of  the  heart  walls.  If,  for  instance,  one  takes 
the  syringe  in  one's  hand  and  squeezes  it,  one  imitates  a  con- 
traction of  the  heart :  if  the  syringe  has  no  valves,  the  fluid 
would  pass  out  of  each  end  of  it  in  the  direction  of  the  two 
arrows  placed  outside  the  ring.  When  the  pressure  on  the 
syringe  is  relaxed  (this  would  correspond  to  the  interval  between 
Uie  heart  beatsX  the  fluid  would  return  into  the  heart  again  in 
the  direction  of  the  two  arrows  placed  inside  the  ring.  This, 
however,  would  be  merely  a  to  and  fro  movement,  not  a  circula- 
tion.    Fig.  224  B  shows  how  this  to  and  fro  movement  could,  by 


Fig.  224.— Simple  schema  of  the  circulation. 

the  presence  of  valves,  be  converted  into  a  circulation ;  when  the 
heart  contracts  the  fluid  could  pass  only  in  the  direction  of  the 
outer  arrow ;  when  the  'heart  relaxes  it  could  pass  only  in  the 
direction  of  the  inner  arrow ;  the  direction  of  both  arrows  is 
the  same,  and  so  if  the  contraction  and  relaxation  of  the  heart 
are  repeated  often  enough  the  fluid  will  move  round  and  round 
within  the  tubular  ring. 

The  main  factor  in  the  circulation  is  difference  of  pressure. 
Fluid  always  flows  in  the  direction  of  pressure  ;  it  could  no  more 
flow  from  a  place  where  the  pressure  is  low  to  where  it  is  high 
than  it  could  flow  uphill.  This  difference  of  pressure  is  produced 
in  the  first  instance  by  the  contraction  of  the  heart,  but  we  shall 
find  in  our  study  of  the  vessels  that  some  of  this  pressure  is 
stored  up  in  the  elastic  arterial  walls,  and  keeps  up  the  circulation 
during  the  periods  of  rest  of  the  heart. 

Before  passing  on  to  consider  the  physiology  of  heart  and 
vessels  at  greater  length,  let  us  take  a  few  types  of  the  circulatory 
system  from  different  parts  of  the  animal  kingdom. 
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In  worms,  and  in  the  lowest  vertebrate  Amphiorti$,  tlie  ctr* 
dilatory  system  ia  almoit  as  Bimple  as  in  the  schema  jitst 
described  ;  the  heart  is  a  long  contmctile  tuho  [vrovided  with 
valrei,  which  contracts  and  piVHses  the  blcxid  forwards  into  the 
aorta  at  its  anterior  end  ;  this  divides  into  arteries  for  the  supplT 
of  the  body  ;  the  blood  passes  through  these  to  cajiillAnes,  and  w 
collected  by  veins  which  con%'erge  to  one  or  two  nuun  trunks  that 
enter  the  liearl  at  its  posterior  end. 

In  fishes,  the  heart  h  a  little  more  complicated  ;  it  is  divided 
into  a  number  of  chambers  placed  in  single  ^\e^  one  in  front  of 
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Fi^-  M5.— The  heart  of  m  frog  :  Riim  ti^m  i*  TitA    from  ttie  front.     V,  ventricle:  Ad,  ffglit 
auricle;  Af^  left  auriE'li?;  ft,  biillni>#  urU-iMhUK,  4ividipK  mta  right  uid  left  aofw^ 

the  Other  ;  the  most  posterior  which  receives  the  veins  is  eaU«d 
the  sinus  vcnosus ;  this  contracts  and  forces  the  blood  into  the 
neit  chamber^  called  the  auricle  ;  this  forces  the  blood  into  the 
next  cavity,  that  of  the  ventricle,  and  last  of  all  is  the  aortic  bulb. 
From  the  bnlb,  branches  pass  to  the  gills  where  they  break  up 
into  cupillariea,  and  the  blood  is  aerated  :  it  then  once  more 
enters  larger  vessels  which  unite  to  form  the  dorsal  aorta,  whence 
the  blood  is  dintributed  by  arteries  to  all  parts  of  the  body  ;  bore 
it  antem  the  liy^temic  capillaries,  then  the  veina  which  enter  the 
siBiia  (whence  we  started)  by  a  few  lai^e  tmnka. 

Taking  the  frog  as  an  instance  of  an  amphibian,  we  find  the 
heart  more  complex  sttll,  and  the  simple  periitaltic  action 
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Rsele  as  we  have  descril>ed  it  in  the  hearts  of  worm  and 
ormea    correspoudingly    modified*       There    is   oidy   cue 
Teiitriclc,  but  there  are  two  auriclesj  right  and  left. 

The  retilncle  coiitaiaa  mixed  blood,  eince  it  receiver  arterial 

btood  fiom  the  left  auricle  (svbieh  is  the  smaller  of  the  two),  and 

blood  from  the  right  auricle  ;  the  right  auricle  receives  the 

blood  from  the  sinuii,  which  in  turn  receives  it  from  tlie 

Jc  veins.     The  left  auricle,  a&  in  man,  receives  the  blood 

the  pulmonary  veins. 

When  the  ventricle  contract^  it  forces  the  blood  onward  hito 


CtJ 


i-^^^^Ad. 


Jlfi  nA.'— Tbe  beart  of  a  trof  CBiuia  ewulentn)  from  tiitei  back,  f .ir.,  rimuTtuonis  ope&ed ; 
i-iM«.fr  Imfl  T«KW  c«Tii,  lupeiior ;  .tJ.^  riwht  vean  c«tr  ^perkir ;  e-i.^  ts»  e»vfc  mfedoi'  \ 
*4^*^  renm  puImcnuJi* ;   d.d„  riiciit  niindc ;   A.w.^  kit  &urlde ;  A-p*,  opemiir of  099- 


Bnmi«*taon  betireen  tlie  rigl^t  buride  Htid  tJie  sinTUi  TenGMPUiL     "K 


vf:,r?ssr)' 


I  the  aortic  bulb  which  divides  into  branches  on  each  side  for  the 

Itnpply  of  the  head  {tig.  22^^  i),  lungs  and  skin  (h|i.  225,  3),  and 

the  third  branch  (fig,  2^5 j  7)  unites  with  its  fellow  of  the  opposite 

«de  to  form  the  dorsal  aorta  for  the  supply  of  the  rest  of  the 

body. 

Paasin^  from  the  amphibianti  to  the  reptiles,  we  find  the 
division  of  the  ventricle  into  two  beginning,  but  it  is  not  complete 
till  we  reach  the  birds*  The  heart  reaches  ita  fullest  development 
I  in  mammals,  and  we  have  already  described  the  human  as  an 
eiample  of  the  niamraalian  heart.  The  sinus  veuosna  is  not 
pr^ent  as  a  distinct  chamber  iu  the  mammalian  heart,  but  is 
repr^ented  by  that  portion  of  the  right  auricle  at  which  the 
kwge  veins  enter. 
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CHAPTER  XX. 

PHYSIOLOGY   OP    THE    HEART. 

The   Cardiao  Cycle. 

The  series  of  changes  that  occur  in  the  heart  constitutes  the 
cardiac  cycle.  This  must  be  distinguished  from  the  course  of  the 
circulation.  The  term  cycle  indicates  that  if  one  observes  the 
heart  at  any  particular  moment,  the  heart  from  that  moment 
onwards  undergoes  certain  changes  until  it  once  more  assumes 
the  same  condition  that  it  had  at  the  moment  when  the  observa- 
tion commenced,  when  the  cycle  is  again  repeated,  and  so  on. 
This  series  of  changes  consists  of  alternate  contraction  and 
relaxation.  Contraction  is  known  as  systole,  and  relaxation  as 
diastole. 

The  contraction  of  the  two  auricles  takes  place  simultaneously, 
and  constitutes  the  auricular  systole;  this  is  fo^owed  by  the 
simultaneous  contraction  of  the  two  ventricles,  ventricular  systolCf 
and  that  by  a  period  during  which  the  whole  of  the  heart  is  in 
a  state  of  diastole ;  then  the  cycle  again  commences  with  the 
auricular  systole. 

Taking  7  2  as  the  average  number  of  heart  beats  per  minute, 
each  cycle  will  occupy  7V  of  a  minute  or  a  little  more  than  o'8  of 
a  second.  This  may  be  approximately  distributed  in  the  following 
way: 

Auricular   systole   al)out    o*i  +  Auricular    diastole   07  =  o*8 

Ventricular  systole  about  0*3  -h  Ventricular  diastole  0*5  =  o'8 
Total      systole      a)>out      0*4  +  Joint  auricular  and 

ventricular  diastole  0*4  =  o"8 

If  the  sj)ee<l  of  the  heart  is  quickened,  the  time  occupied  by 
each  cycle  is  diminished,  but  the  diminution  affects  chiefly  the 
diastole.  These  different  parts  of  the  cycle  must  next  be  studied 
in  detail. 

The  Auricular  Diastole. — During  this  time,  the  blood  from  the 
large  veins  is  flowing  into  the  auricles,  the  pressure  in  the  veins 
though  very  low  Iwing  greater  than  that  in  the  empty  auricles. 
The  bl(KKi  exiwinds  the  auricles,  and  during  the  last  part  of 
the  auricular  diastole  it  passes  on  into  the  ventricles.  The 
dilatation  of  the  aiu'icles  is  jussisted  by  the  elastic  traction  of  the 
lungs.  Tlie  hmgs  l)eing  in  a  closed  cavity,  tlie  thorax,  and  being 
distended  with  air,  are  in  virtue  of  their  ehisticity  always  tending 
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[  reooil  and   tqueeze  the  air  out  of  their  interior ;  in  bo  doing 

ty  drag  upon  any  other  organ  with  which  their  surface  is  in 

itact :  this^  elastic  tniction  will  be  greatest  when  the  lungs  are 

st  diatended^  that  is  durtng  inspiration,  and  will  be  more  felt 

the  thin-walled  aurides  than  by  the  thick-walled  ventricles  of 

heart. 

The  Aufieular  St/skd^  ia  sudden  and  ^^et)"^  mpid  ;  by  contract! ng^ 

ibe  anriclea  empty  themselves  into  the  %*  en  trie  lee.    The  contraction 

biumeueea  at  the  entrance  of  the  great  veln^  and  in  thence  pro- 

Kpitt?d  towards  the  aiiricirfo-yentrieuhir  opening.   The  reason  why 

■«  bjood  does  not  jms»  backwards  into  the  veins,  bnt  onward  into 

9m  veutriclas  m  again  a  quegtion  of  prcisure  ;  the  pressure  in  tho 

jrim&ed  ventricles,  wJiich  ia  »o  small  as  to  e:xert  a  suction  action 

the  auricular  blood,  is  lesB  than  in  tlie  vehis.     Moreover,  the 

■iculo^vcntricular  orifice  is  large  and  widely  dilated,  whereas 

mouths  of  the   veins  are  constricted  by  the  contraction  of 

nr  muscular  coats.     Though  there  is  uo  regurgitation  of  the 

icl  backwards  into  the  veins^  tliere  is  a  stagnation  of  the  dow 

blood  onwards  to  the  auricles.     The  veins  have  uo  valves  at 

entrance  ioto  the  auricles,  except  the  coronary  vein  which 

posses."^  a  valve ;  there  are  valves,  however,  at  the  junction 

^tbe  eubcluvian  and  intenial  jugular  veins. 

\7mirituim'  Bimtole ;   during  the  last  part  of  the  auricular 

tot  and  the  whole  of  the  anricular  systole,  the  ventricles  have 

been  relaxed  and  then  filled  with  blwKl,     The  dilatation  of  the  von- 

Citoles  m  chiefly  brought  alx)iit  in  virtue  of  their  elasticity  ;  thb 

JA  particularly  evident  in  the  left  ventricle  with  its  thick  rauscular 

Bftt-     It  is  e<iual  to  23  mm,  of  mercury,  and  is  quite  indopcndent 

Bthe  elastic  traction  of  the  lungSj  which,  however,  in  the  case  of 

Be  thinuer-iv ailed  right  ventricle  comes  into  play. 

HMb  Vattricular  St/sktU  ;  this  is  the  cou traction  of  the  ventriclea, 

^^^1  occupies  more  time  than  the  auricular  systole  ;  when  it 

occurs    tlie  auric ulo-ve utricular   valves   are   closed    and  prevent 

fqgurgiUition  into  the  auricles,  and  when  the  force  of  the  systole 

li  gieatest,  imd  the  pressure  within  the  ventricles  exceeds  that  in 

tho   large  arteries  which    originate    from    them,    the    semilunar 

valves  are  opened,  and  the  ventricles  empty  themselveSi  the  left 

into    the    aorta,    the    right  into    the    pulmonary   artery.     Each 

Tentricle  ejects  about  3  oes  of  blood  with  each  contracti*>u  ',  the 

left  in  virtue  of  its  thicker  walls  acts  about  thrice  as  fm*eibiy  as 

tie  right.     The  greater  foi-cc  of  the  left  ventricle  is  necetmary  m 

has  to  overcome  the  resista^nce  of  the  small  vessels  all  over 

h€  body;    whereas  the   right  ventricle    has  only  to  overcome 

ipher&i  resistance  in  the  pulmonary  district  .    ^ 
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The  shape  of  both  Tentricles  daring  systole  is  generallj  described  as 
undergoing  an  alteration,  the  diameters  in  the  plane  of  the  baae  being 
(liminishcd,  and  the  length  of  the  Tentricles  slightly  lessened.  Hie  whok 
heart,  moreover,  moves  towards  the  right  and  forwards,  twisting  on  its  long 
axis  and  exposing  more  of  the  left  ventricle  anteriorly  than  when  it  is  at 
rest.  Those  movements,  which  were  first  described  by  Harvey  together  with 
the  hardening  that  occurs  when  the  ventricles  contract,  have  been  since 
Harvey's  time  believed  to  be  the  cause  of  the  canliac  impulse  or  apex  beat 
whichis  to  be  felt  in  the  fifth  intercostal  snace  about  three  inches  from  the 
middle  line.  It  has,  however,  been  recently  shown  by  Haycraf t  that  these 
chants  only  occur  when  the  chest  walls  are  open.  When  the  heart  con- 
tracts in  a  closed  thorax  it  undergoes  no  change  in  shape,  as  the  contraction 
is  concentric,  that  is  equal  in  all  directions.  The  diminution  of  the  hearths 
volume  which  occurs  in  systole  cannot  be  the  cause  of  the  apex  beat :  it 
would  rather  tend  to  draw  tlie  chest  wall  inwards  than  push  it  outwards. 

r)t)ubtle88  the  apex  Iwat  in  producetl  by  the  increased  pressure  in  the 
aorta  being  transmitted  backwards  to  the  heart,  and  causing  it  to  prvi 
more  closely  than  it  does  in  diastole  against  the  chest  walls. 

Action  of  the  Valves  of  the  Heart. 

I.  The  AvHado-Veiitrictdar. — The  distension  of  the  ventricles 
with  blood  continues  tlu-oughout  the  whole  period  of  their  diastole. 
The  auriculo-ventricular  valves  are  ^adually  brought  into  place 
by  some  of  the  blood  getting  behind  the  cusps  and  floating  them 
up ;  and  by  the  time  that  the  diastole  is  complete,  the  valves  are 
in  apposition,  and  they  are  iirmly  closed  by  the  reflux  current 
caused  by  the  systole  of  the  ventricles.  The  diminution  in  the 
size  of  the  heart  during  ventricular  systole  is  well  marked  in  the 
neighbourhood  of  the  auriculo-ventricular  rings,  and  this  aids  in 
rendering  the  auriculo-ventricular  valves  competent  to  close  the 
openings,  by  greatly  diminishing  their  diameter.  The  margins  of 
the  cusps  of  the  valves  are  still  more  secured  in  apposition  with  one 
another,  hy  the  simultaneous  (!ontraction  of  the  musculi  papillarcs, 
whose  chordju  tcndincji'  liavo  a  special  mcxle  of  attachment  for 
this  object.  The  ciisjh  (»f  the  auriculo-ventricular  valves  meet  not 
V>y  their  edges  only,  but  by  the  opjjosed  surfaces  of  their  thin  outer 
lK)r(lt?rs. 

The  musculi  papillares  prevent  the  auriculo-ventricular  valves 
from  Ix'ing  everted  into  the  auricle.  For  the  chonluc  t^ndinee 
might  allow  the  valves  to  be  pressed  bark  into  the  auricle,  were 
it  not  that  when  the  wall  of  the  ventricle  is  brought  by  its  con- 
traction nearer  the  auriculo  ■  ventricular  orifice,  the  musculi 
papillares  more  than  compensjite  for  this  by  their  own  contmctiou; 
they  bold  the  chords  tigiit,  and,  by  i)ulling  down  the  valves, 
add  slightly  to  the  force  with  which  the  bhuKl  is  exjudled. 

Tlie.so  ^tatenlents  aj>ply  (*<pially  to  the  auriculo-ventricular 
valves  on  both  sides  of  the  heart  ;  the  closure  of  both  is  generaUy 
complete  every  time  the  ventricles  contract.     13ut  in  some  circum- 
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itanoes  the  tricuspid  valye  does  not  completely  close,  and  a  certain 
quantity  of  blood  is  forced  back  into  the  auricle.  This  has  been 
called  its  mifety-valvt  action.  The  circumstances  in  which  it 
usiuilly  happens  are  those  in  which  the  vessels  of  the  lung  are 
already  completely  full  when  the  right  ventricle  contracts,  as,  e,g,y 
in  certain  pulmonary  diseases,  and  in  very  active  muscular  exertion. 
In  these  cases,  the  tricuspid  valve  does  not  completely  close,  and 
the  regurgitation  of  the  blood  may  be  indicated  by  a  pulsation  in 
the  jugular  veins  synchronous  with  that  in  the  carotid  arteries. 

2.  The  Semilunar  Valves, — It  has  been  found  that  the  com- 
mencement of  the  ventricular  systole  precedes  the  opening  of  the 
semilunar  valves  by  a  frac- 
tion of  a  second.  This 
shows  that  the  intraven- 
tricular pressure  does  not 
exceed  the  arterial  pres- 
sure until  the  systole  has 
actually  begun,  for  the 
opening  of  the  valves  takes 
place  at  once  when  there 
is  a  distinct  difference  in 
favour  of  the  intraventri- 
cular over  the  arterial 
pressure,  and  they  continue 
open  only  as  long  as  this 
difference  continues.  When 
the    arterial    exceeds    the 

intraventricular  pressure,  there  is  a  tendency  of  the  blood  to  flow 
back  to  the  heart,  and  this  closes  the  valves.  The  dilatation 
of  the  arteries  is,  in  a  peculiar  manner,  adapted  to  bring  this 
about.  The  lower  borders  of  the  semilunar  valves  are  attached 
to  the  inner  surface  of  the  tendinous  ring,  which  is  inlaid  at  the 
orifice  of  the  artery,  between  the  muscular  fibres  of  the  ventricle 
and  the  elastic  fibres  of  the  walls  of  the  artery.  The  tissue  of 
this  ring  is  tough,  and  does  not  admit  of  extension  under  such 
yjressure  as  it  is  commonly  ex[M)8ed  to ;  the  valves  are  equally  inex- 
tensile,  being  formed  of  fibrous  tissue.  Hence,  when  the  ventricle 
propels  blood  through  the  orifice  into  the  canal  of  the  artery, 
the  lateral  pressure  which  it  exercises  is  sufficient  to  dilate  tlic 
walls  of  the  artery,  but  not  enough  to  stretch  in  an  equal  degree, 
if  at  all,  the  unyielding  valves  and  the  ring  to  which  their  lower 
borders  are  attached.  The  eflect,  therefore,  of  each  such  propul- 
sion of  blood  from  the  ventricle  is,  that  the  wall  of  the  first  por- 
tion of  the  artery  is  dilated  into  three  pouches  behind  the  valves 


Sections  of  aorta,  to  ithow  the  action  of 
the  ttemilunar  valveH.  a  is  intended  to  show 
the  valves,  represented  by  the  dotted  lineH, 
lying  near  the  arterial  walls,  represented  by 


B  (after  Hunter) 


iving 

the  continuous  outer  line. 

shows  the  arterial  wall  distended  into  three 

pouches  («),  and  draiNr'n  away  from  the  valves, 

which  are  straightened  into  the  form  of  an 

equilateral  triangle,  as  represented  by  the 

dotted  lines. 


228 


PHYSTOT.OOT    OF    THE    HlAET. 


while  tKe  free  margina  of  the  valves  are  dniwii  inward  towafili 
its  ceutre.  Their  potitiona  may  be  explained  by  the  dimgfttfiii , 
in  fig.  227,  in  which  the  ooutitmona  lines  represent  a  tTayiaveiiie| 
section  of  the  arterial  M*alb,  the  dotted  ones  the  edges  of  the* 
valvea^  first,  when  the  valves  are  nearest  to  the  walls  (a)^  ha  in 
the  dead  heart,  and,  second  Ivt  when  the  wallij  are  dilated,  mid  llltj 
valves  are  drawn  away  from  them  (d). 

This  ponition  of  the  valveis  and  arterial  walls  m  ret^uuadiio  long 
as  tlio   ventricle  uoutinnes   in   contraetion  :    bnt  as  scwin    as  it. 
relaxes,  and  the  dilated  arterial  walla  can  recoil  by  their  elasticity  J 
the  blofjd  is  foreed  baek wards  towards  tiie  ventricles  and  ouwardii 
in  the  eonrse  of  tlie  circulation.     Tart  of  the  blocHJ  tlms  foreed  , 
back  lies   in  the  ix>uches  (3  in  nam  of  ValiwUva)  (^i,  fig.  2  2  7»b)I 
between  tbe  valves  and  the  arterial  walls;  and  the  valves  are  by 
it  pressed  togetiier  till  tlieir  thin  Innated  margins  meet  in  three 
lines  radiating  from  the  centre  to  tbe  eircnmference  of  the  artet^j 
(7  and  S,  %  202). 


The  Soimds  of  the  Heart. 

When  the  ear  is  placed  over  the  region  of  the  heart,  two  $mimh 
may  be  heard  at  every  l>eat  of  the  heart,  which  fallow  in  quick 
succession,  and  are  succeecled  by  a  ^muse  or  period  of  silence. 
The  JirU  or  jspAtQlic  tionnd  is  dull  and  prolonged  ;  it«  conimen 
ment  coineidea  with  the  impulse  of  the  heart  against  tbe  ch 
walli  and  just  precedes  the  pulse  at  the  wriat.  The  sfr/^n^i  or; 
dioitoiic  sound  is  shorter  and  sharper^  with  a  soinewSiat  fiappiag 
chfiracteri  and  follows  close  after  the  arterial  puke.  The  periotli 
of  time  occupied  respectively  by  the  two  tsoonds  taken  together 
and  by  the  pause,  are  nearly  equab  Thuii|  according  to  Walshe, 
if  the  cardjao  cycle  he  divided  iutt*  tetitha,  the  first  sound  occu- 
pies ^  \  the  second  sound  ^%  ;  the  first  pause  (almost  imper- 
i^ptible)  ^^  ;  and  the  second  pause  f^.  The  sounds  arf?  often 
but  somewhat  inaptly  eomparcd  to  the  syllables,  /wM — «/#p, 

The  events  which  correapondT  in  point  of  time,  with  the  fin 
sound,  are  (t)  the  contractiojx  of  tlie  ventricles,  (a)  the  first  pal 
of  tlio  dilaUition  of  the  anncles,  (5)  the  tension  of  the  anncui 
ventricular  valves,  (4)  the  npeuing  of  the  8emi lunar  valves,  an4^ 
(5)  the  propulsion  of  blooiJ  into  the  arteries.  The  sound  is  suc- 
ceeded, in  about  one-thirtieth  of  a  second,  by  the  puliation  of  die 
facial  arteriea,  and  in  about  one-sixth  of  a  seetJiidf  by  the  pulsa- 
tion of  the  arteries  at  the  wrist.  The  second  sounds  in  point  of 
time,  immediately  follows  the  eeeaation  of  the  ventricular  con- 
iracUoU}  and  corresponda  with  (a)  the  tension  of  the 
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iiIt^s,  (if)  rile  cotitiuvied  clilatiition  of  the  aiiriclea,  (r)  the  com- 
ilibitilioii  of  the  vcntriclL'is,  and  (4)  tho  opetiiiij^^  of  the 
Vftitncular  vah  t'!i*  The  paust  immtsliixtelj  fullowa  the 
ood  !iuitnd,  aocl  corresponds  in  its  firnt  fiftrt  with  the  completed 
the  tttiricieit,  mnl  in  its  sfCirnd  with  tlieir  contraction, 
lipleted  difitett«ioti  of  the  ventriclew  ;  the  nuriculo- 
utri^il&r  valves  are  open,  and  the  arterial  valves  <?loBe<l  duHng 

i*hol€»  of  the  pan  tie. 
Caixseo. — ^The  esact  oaue^  of  tho  first  ioimd  of  the  heart  Is  a 


W        Ul        M 


Tim  iiiuei  .  ij*  Itt  hJiqwv  i^  ereots  which  oo^wr  wiUiiD. 


, 5  of  «aiidi»c  tij-cle 

&*  heart ;  tbf  outer  the  reUtian  of  the  Mouods  iLQd  pHtidea  to  thew  evcutt, 


and  Gidniti^r.) 

matter  of  discussion.     Two  factors  prolmbly  enter  into  it,  vk., 

,  firat,  the  vibration  of  th^  mtrieulo-ventrtctilar  valves  ami  the  cfiardm 

Xtmdinexx,     Thia  vibration  is  produced  hy  the  increased  intraven- 

fcriculur  pressure  set  up  when  the  ventricular  sjstole  corameneea, 

which   puts   the   valvee   on    the   stretch.      It    is   not   unlikely 

I  too,    that    the  vibration    of    the    ventricular    walls    themselvea, 

and  of    the  aorta   and   pultnonary   artery^    ail    of    which    parts 

are  auddenly  put  into  a  state  of  tension  at  the  moment  of  ven- 

I  trieular  contraction,  may  have  some  part  in  producing  the  iirst 

I  fioiuid.     Secondly,  tkt  mu^tdar  soimd  produced  hy  contraction  of 

I  tlie  mass  of  muscular  fibres  which  form  the  ventricle,     l/>oking 

upon  tlie  contraction  of  the  heart  as  a  single  contraction  and  not 

as  a  seriee  of  eontmctions  or  tet4inus,  it  is  at  first  Sight  difficult 

to  see  why  there  shoidd  he  any  muscular  sound  at  all  when  the 

j  heart  contracts,  as  a  single  muscular  contraction  does  not  produce 

*f>imd*      It  has  been  nuggeatedj  however,  that  it  arises  from  the 

[repeated   unequal   tension  produced  when  the  wave  of  musotLlar 
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coutractioii  passes  along  the  very  intricately  arranged  fibres  of 
the  ventricular  walls.  There  can  be  no  doubt,  however,  that  the 
valvular  element  is  the  more  im|)ortant  of  the  two  factors,  because 
the  sound  is  loudest  at  first,  when  the  vibration  of  the  valves 
commences,  and  fades  away  as  the  vibrations  cease.  If  the 
sound  WHS  mainly  muscular,  it  would  be  loudest  when  the  mus- 
cular contraction  was  most  |)owcrful,  which  is  approximately 
about  the  middle  of  the  ventricular  systole.  The  facta  of  disease 
lend  support  to  the  theory  that  the  first  sound  is  mainly  valynlar. 
for  when  the  valves  are  incompetent,  the  first  sound  is  largely  re- 
placed by  a  murmur  due  to  re<rurgitation  of  blood  into  the  auricle. 
After  the  removal  of  the  heart  from  the  body,  the  muscular  con- 
tribution to  the  first  sound  is  audible  but  it  is  very  faint.  It  is 
stated  to  have  a  somewhat  lower  pitch  than  the  valvular  sound. 

The  cause  of  the  second  sound  is  more  simple  than  that  of  the 
first.  It  is  entirely  due  to  the  vibration  consequent  on  the 
sudden  stretching  of  the  semilunar  valves  when  they  are  pressed 
down  across  the  orifices  of  the  aorta  and  pulmonary  artery.  The 
influence  of  these  valves  in  producing  the  sound  was  first  demon- 
strated by  Hope,  who  experimented  with  the  hearts  of  calves.  Tn 
these  experiments  two  delicate  curved  needles  were  inserted,  one 
into  the  aorta,  and  another  into  the  jmlmonary  artery,  below  the 
line  of  attachment  of  the  semilunar  valves,  and,  after  being 
carried  upwards  about  half  an  ineli,  were  brought  out  again 
through  the  coats  of  the  respective  vessels,  so  that  in  each  vessel 
one  valve  was  included  between  the  arterial  walls  and  the  wire. 
Upon  applying  the  stethosco[)e  t^>  the  vessels,  after  such  an 
operation,  the  second  sound  ceased  to  be  audible.  Disease  of 
tliese  valves,  when  sutticient  to  interfere  with  their  efficient  action, 
also  demonstrates  tlie  same  fact  by  modifying  the  second  sound 
or  destroying  its  disthictness. 

The  contraction  of  the  auricles  is  inaudible. 

The  tii-st  soun<l  is  heard  most  distinctly  at  the  apex  beat  in 
the  tiftii  intci-spacc ;  the  second  soinid  is  best  heanl  over  the 
second  rliiht  costal  cartihige — that  is,  the  j)lace  where  the  aorta 
lies  ni'aresl  to  the  surface.  Tlio  puhnoi^arv  and  aortic  valves 
generally  close  siinultarn'oiisly.  in  some  cases,  however,  the 
aortic  may  close  sliirhtly  hefore  the  pulnionarv  valves,  giving  rise 
to  a  *  reduplicateil  seeoii<I  soinid.'  TIh'  pulnionarv  contribution 
to  this  sound  is  best  heard  over  the  s«'cond  l^-ft  cartilage. 

Tho  Coronary  Arteries. 
The  oorunary  arteries  are  thr  first  branches  of  the  aorta  ;  they 
originate  t'roni    the  siniises  of   Valsalv;i,  and  are  destined  for  the 
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upply  of  the  heart  itself ;  the  entrance  of  the  coronary  vein,  into 
he  right  auricle,  we  have  already  seen  (p.  197). 

Ligature  of  the  coronary  arteries  causes  almost  immediate 
leath  ;  the  heart,  deprived  of  its  normal  blood  supply,  beats 
rrcgularly,  twitches,  and  then  ceases  to  contract  altogether. 

In  fatty  degeneration  of  the  heart  in  man,  sudden  death  is  by 
QO  means  infrequent.  This  is  in  many  cases  due  to  a  growth  in 
thickness  of  the  walls  of  the  coronary  arteries  called  atheroma, 
which  progresses  until  the  lumen  of  these  arteries  is  obliterated, 
ftnd  the  man  dies  almost  as  if  they  had  been  ligatured. 

Stif's! I't'i'i Hg  Action  oj  the  Heart, — ^This  expression,  which  is  now  only  of 
historical  interest,  was  originated  by  Brttcke.  He  supposed  ihat  the  semi- 
lunar valves  closed  the  orifices  of  the  coronary  arteries  during  the  systole  of 
the  heart.  Unlike  all  the  other  arteries  of  the  body,  the  coronary  arteries 
irould  therefore  fill  only  during  diastole,  and  this  increased  fulness  of  the 
ressels  in  the  heart  walh  daring  diastole  would  assist  the  ventricle  to  dilate. 
rhis,  however,  is  incorrect ;  the  valves  do  not  cover  the  mouths  of  the 
iiteries  ;  and  when  the  coronary  arteries  are  cut  they  spurt,  like  all  other 
ifteries,  most  forcibly  during  the  systole  of  the  ventricle. 


Cardiographs. 

A  cardiograph  is  an  instrument  for  obtaining  a  graphic  record 
of  the  heart's  movements.  In  animals  the  heart  may  be  exposed, 
and  levers  placed  in  coimection  with  its  various  parts  may  be 
employed  to  write  on  a  revolving  blackened  surface. 

A  simple  instrument  applicable  to  the  frog's  heart  is  the 
following  : — 


^^ 


Fig.  2«9. — Simple  cardiograph  for  frog's  heart. 

The  Sternum  of  the  frog  having  been  removed,  the  pericai-divmi 
opened,  and  the  fraenum  (a  small  band  from  the  back  of  the 
heart  to  the  pericardium)  divided,  the  heart  is  pulled  through 
the  opening,  a  minute  hook  placed  in  its  apex,  and  this  is  fixed 
by  a  silk  thread  to  a  lever  pivoted  at  f  as  in  the  figure.  The 
cardiac  wave  of  contraction  starts  at  the  sinus,  this  is  followed 
by  the  auricular  systole,  aud  that  by  the  ventricular  systole  and 
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pixiim.  This  is  recrmleti  as  hi  tlie  next  figiifL*  (fi;^.  230)  \w  mnxt- 
iiicntH  of  the  wntinjj:  point  at  the  end  of  the  long  iinn  of  xht 
lever.     Such  appamtua  is,  however,  not  ftpplieabk*  to  the  hwimu 


foUoved  br  yea^culu-  Iwftt ,  t,  Ume  i&  bill 


heart,  and  all  the  variouB  foi-ras  of  cardiograph  de vised  for  this 
purpose  are  modifications  of  Ma  rev's  tatn  bourn,  Or»e  of  those  mrjst 
frequently  used  ii  depicted  in  the  next  two  ditigrame. 


Tube  toe 


TTm^iuituEi. 


Up  the*  c;h<.«t- 


It  (flf,  231)  eoTisfBts  of  II  rtip-slmpcpj  me  til  \»*x  tiver  tht'  ofieii  front  *>f 
whidi  10  fit  retched  an  t^Uiiiitid  judifi-riibWr  tn4^<ttibmrj(.%  upnQ  whieb  isfixeil  « 
Ismail  It n rib  uf  liard  woocl  or  ivoi^'.  This  knob,  huwi^vt^r,  niaj  be  fttiacbed. 
m  in  thf^  itgnrc.  t^  the  dele  of  the  bojc  b^  fnoanit  of  n  §pHnf ,  nnd  mftj  be 
made  to  a(*t  npon  a  metal  dmc  attnrhwt  to  tbc  elastin  m&mbrane. 


,»] 
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kwah   u   fjr   applicatimi    to   the  che9t-wnll   over  the  apex  be&t» 

*  I1C1X  or  turiilxiur  ^ommimicates  by  means  of  an  air^Lij^'ht  tubt^  with  the 

eriof  of  a  fieeond   tiimlx>ur,  in   connection  with  whieb  is  a  Inn^  arnj 

.  leircr.     The  shock  of  the  heart's  imptilsc  being  eompmnicatet)  to  the 

knob  and  throutfii   it   to   the   firet  taoibnir,  the  C'ffut::t   b  at  unce 

nitl«d  bv  the  column  of  air  in  the  elastic  tube  to  the  interior  of 

fitMJfjfifl  tarn bftar,  Also  closed,  and  through  the  elju^tic  and  movable  lid 

Set¥W  to  Tvgulak  elcTntiQfti  of  Xt/tvt. 


WritlDff  lever. 


Tuniboiu't 


I 

Tube  of  mrdin^ni^a. 


i.  iit—Mmvj**  TttmbouTv  to  irbicti  th6  mav-erufnt  of  tho  eoluum  of  iiLir  hi  Che  flnt 
tfupAatica  ^1  f^dtidtioted  bjr  n.  tube»  nad  from  whjj^h  it  ie  (•oinTQunit'uleHJ  bf  the  laver 
lo  m  iVTolvinff  cjiliadei',  to  tb»t  the  tradug  f>i  tk«  tnavement  of  the  hn|>uii)«  be«t  it 


Fig,  233   repreaeuts  a   tjpical   tracing  obtained  in  thie  waj, 
m  iSrst  8inall  rise  of  the  lever  m  eauaed  bj  the  auricular,  the 


f .  3J.  I.— Cludioffrnm  from  bumoik  heAit.  The  vaJiaticmA  in  thfi  k^ridusj  lbea.ti&  m«  dnfi 
kt  lb«  Inflaeoce  of  the  renpimtofy  moTementt  on  the  heart.  To  b«  read  ^m  left  to 
rigbt. 

fcotid  larger  rise  by  the  Tentrioular  sj^stole ;  the  dowiiatroke 
preaent»  the  fjaiise,  the  tremors  at  the  coinmeucement  of  which 
V  ptrtly  instnimetitftl  and  partly  tjaused  by  the  closure  of  the 
imikvnar  valves. 

Another  tuethod  of  obtaining  a  tracing  from  one's  own  heart 
ktB  in  dispensiug  with   the  Brst   tambour,  and  placing  tha 
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tube  of  the  recording  taratxjur  in  oue'a  mouthy  tmd  Ijolding  the 
breath  though  keeping  iLe  gluttiai  opeu.  The  che»t  then  ttctt 
aa  the  first  tambour,  and  the  moveiiieuts  of  the  lever  (cardio- 
pneura&togram)  may  be  wiitteu  in  the  tmual  wr,^, 

Endocardiao  Pressure, 

The  tmeings  of  the  cardiogniph  are,  iiowever,  very  variable, 

and  their  interjjretfition  is  a  matter  of  discussiotu  A  much  better 
method  of  obtain  in^^  a  graphic  record  of  the  <nent^  of  the  civniiac 


endiJi-'itriiiiK'  pre^ianrf^  mad  Uip  pnMluctiun  of  tkv  imptilt^  'iif  th^   ! 

cycle  consists  in  connecting  the  iuterior  of  an  animal's  heart  with 
fonoRling  apparatus. 

There  are  several  metljodn  by  which  the  end ocardiae  pressure 
may  lye  recoil ed» 

By  phiciug  two  small  iiKlia-rul>ber  airdjiigti  or  eanJia^  *ottmh 
flown  the  jugular  vein  into  the  interior  ret^i>ectively  uf  the  right 
auricle  and  the  right  veruHcle^  and  a  third  in  an  intefcosta.!  9pace 
itT  front  of  the  hcArt  of  a  living'  fuiinial  (liorseV  and  placing  theee 
bagi,  by  meau&  of  long  tiarrow  tubes,  in  conmiunirJitiou  witii 
three  tamhourB  with  levers,  arran^jcd  one  over  the  others  iu  eon- 
nectioii  with  a  ivgistenug  apparatus  (fig.  ^54)1  Miauveau  and 
Marcy  were  able  to  n^coi'd  mid  measure  the  variations  of  the 
endoeardiac  pressure  ami  the  comparative  duraliou  of  the  eon- 
tractions  of  the  auricles  and  ventricles^  By  lueaus  of  the  same 
apparatus^  the  synchronism  of  the  impulse  with  the  coiitraetieu 
of  the  ventriciea  is  also  jsliown*  - 

In    the  traeing  (fig.  235),  the  intervala  between  the  vertlm 
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liiitfi  represent  periods  of  a  tenth  of  a  secoud.  The  pai'ta  on 
which  any  givmi  vertical  line  Calls  represent  ^imultaiieoiis  0 vents, 
It  wit!  W  set^u  timt  thfi  contract  ion  of  tKemiricle,  indicated  bv  tKe 
murked  curve  at  a  in  Un*  lii*5Jt  tniciuj^,  eausea  a  « light  increase  of 
presaiire  ir»  tlie  Tifntriele,  which  h  bhown  at  a*  hi  the  second 
tincb^,  HTid  produces  i\\m  a  sliglit  inipuke,  which  m  indicated  bv 
A  in  the  third  traciUM'*  The  cloBure  of  the  Meniihiimr  valves 
ottiatw  u  inonietitarily  increase^.!  pressure  \u  the  veutricle  at  u', 
nlfeet^  tht*  pressure  in  the  anriclc  D,  autl  is  also  shown  in  the 
imein^  of  the  impidse,  D*'* 
The  large  eurre  of  the  rentriculftr  and  the  inqvuhe  tmeings. 


• 


0t  thr  itnptilBin  of  Um  aeatt;  lo  hm  read  fniiii  left  w  light -^  obUui«d  hf  dwiiveaii  lutd 

betweep  a'  and  w',  and  a^  and  h*%  are  (mused  by  the  ventricular 
oon  tract  ion,  while  the  smaller  unduhitions,  between  B  and  c,  h^ 
uid  c\  B*'  and  c'\  are  caused  by  the  vibrationB  consequent  on  the 
tightening  and  elonnre  of  the  aunculo-ventriunlar  valves. 

Much  objection  has,  howevori  been  taken  to  this  metilod  of 
mvctttigHtioii*  IHrat,  l*ccauae  it  doea  not  admit  of  both  positive 
M^d  negative  pres,Hiire  being  recorded.  Secondly,  because  the 
method  is  oniy  applicable  to  large  animal js,  snch  as  the  horse. 
Thirdly,  ^^eeausc  the  intmventricalar  changes  of  pressure  are 
oommnnicated  t^i  the  recording  U\iJjl>our  by  a  long  elastic  column 
of  air ;  and  fourthly^  liccanse  the  tamlxnir  arrangement  haa  a 
tendency  to  recorti  iiuitiu  vibnttiiins.  Hollcston  has  re-investi- 
t'^teij  the  subject  with  a  more  suit^ible  apjmraius.  His  method 
is  as  follows  :  a  windt^w  is  uinjde  in  the  chest  of  an  anamthetized 
and  cnrariied  auimalj  and  an  appropriately  curved  glaM  cannniaj 
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introduced  through  an  opening  in  the  auricular  appendix.  Hie 
cannula  is  then  passed  through  the  auriculo-ventricular  orifice 
without  causing  any  appreciable  regurgitation,  into  the  yentricle, 
or  it  may  be  introduced  into  the  cavity  of  the  right  or  left  yen- 
tricle  by  an  opening  made  in  the  apex  of  the  heart.  In  some 
experiments  the  trochar  is  pushed  through  the  chest-wall  into  the 
ventricular  cavity.  The  apparatus  is  filled,  to  prevent  clotting, 
with  a  solution  of  leech  extract  in  0*75  per  cent,  saline  soluUon, 


Fig.  23^>.— Apparatus  for  recordin(r  the  cndocardiac  pre«.«iire.    (RoUMton.) 


or  with  a  solution  of  sodium  bicarbonate  of  specific  gravity  1083. 
Tlie  aniinals  tMnploye<l  were  chiefly  do^'s.  The  movement  of  the 
column  of  blmxl  is  communicatctl  to  the  writing  lever  by  meaDS 
of  a  vulcanite  piston  which  moves  with  little  friction  in  a  brass 
tube  connected  with  the  glass  cannula  by  means  of  a  short 
coniiectinjr  tiilx?. 

When  the  Iowit  j);irt  of  the  tube  (a)  is  placed  in  communica- 
tion with  one  of  tiie  cavities  of  the  heart,  the  movements  of  the 
piston  are  recorded  l)y  means  of  the  lever  (c).  Attached  to  the 
lever  is  a  section  of  a  pulley  (h),  the  axis  of  which  coincides  with 
that  of  the  steel  riblnm  (k)  ;  while,  finnly  fixed  to  the  piston,  is 
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the  carved  steel  piston  rod  (i),  from  the  top  of  which  a  strong 
silk  thread  (j)  passes  downwards  into  the  groove  on  the  pulley. 

This  thread  (j),  after  being  twisted  several  times  round  a  small 
pin  at  the  side  of  the  lever,  enters  the  groove  in  the  pulley  from 
above  downwards,  and  then  passes  to  be  fixed  to  the  lower  part 
of  the  curve  on  the  piston-rod  as  shown  in  the  smaller  figure. 

The  rise  and  fall  of  the  lever  (c)  is  controlled  by  the  resistance 
to  torsion  of  the  steel  ribbon  (b),  to  the  middle  of  which  one  end 
of  the  lever  is  securely  fixed  by  a  light  screw  clamp  (f).  At 
some  distance  from  this  clamp — the  distance  varying  with  the 
degree  of  resistance  which  it  is  desired  to  give  to  the  movements 


fSf.  «}7.— Eadocaidiac  pressurc-curro  from  the  left  ventricle  , 

iitroauced  through  the  apex  of  the  ventricle ;  the  abscissa  is  the  line  of 


The  thorax  was  opened 
a  cannula  ixitroauced  through  the  apex  of  the  ventricle ;  the  abscissa  is  the  Ime  of 
atmospheric  preosnre.    o  to  d  represents  ventricular  contraction ;  from  d  to  the  next 
ziw  at  o  represents  the  ventricular  diastole. 


of  the  lever — are  two  holders  (o  o)  which  securely  clamp  the 
steel  ribbon. 

As  the  torsion  of  a  steel  wire  or  strip  follows  Hooke's  law,  the 
torsion  being  proportional  to  the  twisting  force — the  movements 
of  the  lever  point  are  proportional  to  the  force  employed  to  twist 
the  steel  strip  or  ribbon — in  other  words,  to  the  pressures  which 
act  on  the  piston  (b). 

The  resistance  to  torsion  of  a  steel  ribbon  adapts  itself  very 
conveniently  to  the  obtaining  of  a  satisfactory  record  of  the 
variations  in  auricular  and  ventricular  pressure. 

This  resistance  can  be  varied  in  two  ways,  first  by  using  one  or 
more  pieces  of  steel  ribbon  or  by  using  strips  of  different  thick- 
nesses ;  or  secondly,  by  varying  the  distance  between  the  holders 
(q  g)  and  the  central  part  of  the  steel  ribbon  to  which  the  lever 
is  attached. 

Rolleston's  conclusions  are  as  follows  : — 

1.  That  there  is  no  distinct  and  separate  auricular  contraction 
marked  in  the  curves  obtained  from  either  right  or  left  ventricles, 
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the  auricular  and  ventricular  rises  of  pressure  being  mei*ged  into 
one  continuous  rise. 

2.  That  the  auriculo-ventricular  valves  are  closed  before  any 
great  rise  of  pressure  within  the  ventricle  above  that  which 
results  from  the  auricular  systole  (a,  fig.  238).     The  closure  <rf 


IMg.  238.— Cun'c  from  left  ventricle  obtained  by  BoUcHton's  apparatiui ; 
the  abbcis8a  Mhows  atmonpheric  prewure. 

the  valve  occurs  probably  in   the  lower  third  of    the  rise  a  b 
(fig.  238),  and  docs  not  produce  any  notch  or  wave. 

3.  That  the  senuhniar  valves  open  at  the  |K)int  in  the  ventri- 
cular systole,  situated  (at  c)  about  or  a  little  above  the  junction 
of  the  middle  and  upper  third  of  the  iiscending  line  (a  b\  and 
the  closure  about  or  a  little  before  the  shoulder  (d). 

4.  That  the  minimum  pressure  in  the  ventricle  may  fall  below 
that  of  the  atmosphere,  but  that  the  amount  varies  considerably. 


FiK.  - 


Hitr1hU>*H  manometer. 


Another  iiietliod  of  overcoming  the  imperfections  of  Marey's 
tumbour  is  by  the  use  of  Hiirthle's  manometer.  In  this  the  tam- 
bour is  very  small,  the  membrane  is  made  of  thick  rubl>er,  and 
the  whole,  including  the  tube  that  connects  it  to  the  heart,  is 
filled  with  a  strong  siilinc  solution  (saturateil  solution  of  sodium 
sulphate). 

The  tracing  obtaine<l  by  this  instnmieiit,  when  connected  with 
the  interior  of  the  ventricle,  is  represented  in  the  next  figure. 

The  auricular  systole  causes  a  small  rise  of  pressure  A  B ;  it 
lasts  about  "05  second.  It  is  immediately  followed  by  the  ven- 
tricular contraction,  which  lasts  from  h  to  i».  Fnnn  B  to  C  the 
ventricle  is  getting  up  pressure,  so  that  at  c  it  eipials  the  aortic 
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prasBore.  This  takes  *o2  to  '04  second.  Beyond  0  the  aortic 
▼II  Wee  open,  and  hlood  is  driven  into  the  aorta ;  the  outflow  lasts 
from  c  to  D  (*2  second).  At  d  the  ventricle  relaxes.  The  flat 
part  of  the  curve  is  spoken  of  as  the  systolic  plateau,  and  accord- 
mg  to  the  state  of  the  heart  and  the  peripheral  resistance  may 
present  a  gradual  ascent  or  descent ;  it  occupies  about  *  1 8  secoud. 
Almost  immediately  after  the  relaxation  begins,  the  intraven- 
tricular pressure  falls  below  the  aortic,  so  that  the  aortic  valves 
close  near  the  upper  part  of  the  descent  at  e. 

The  amount  of  pressure  in  the  heart  is  measured  by  a  mano- 
meter, which  is  connected  to  the  heart  by  a  tube  containing  a 
valve.     This  was  first  used  by  (ioltz  and  Gaule.     If  the  valve 


Fig.  240.  -  Curve  of  intnt-ventricular  pressure.    (After  HQrthle.) 

ptfmits  fluid  to  go  only  from  the  heart,  the  manometer  will 
indicate  the  maximum  pressure  ever  attained  during  the  cycle. 
If  it  is  turned  the  other  way,  it  will  indicate  the  minimhm 
pressure.  The  following  are  some  of  the  measurements  taken 
from  the  dog's  heart  in  terms  of  millimetres  of  mercury  : — 


Maximum 

Miniiimiu 

ltn»88ure. 

preRHurt'. 

Left  ventricle    . 

140  mm. 

-  30  to  40  mm. 

Right  ventricle 

.     .           60  mm. 

-   15  mm. 

Right  auricle 

20  mm. 

-     7  to  8  mm. 

By  a  negative  (  —  )  pressure  one   means   that   the  mercury  is 
sucked  up  in  the  limb  of  the  manometer  towards  the  heart. 


Frequency  and  Force  of  the  Heart's  Action. 

The  heart  of  a  healthy  tidult  man  contracts  about  7  2  times  in 
a  minute;  but  many  circumstances  cause  this  rate,  which  of 
course  corresponds  with  that  of  the  arterial  pulse,  to  vary  even 
in  health.  The  chief  are  age,  temperament,  sex,  food  and  drink, 
exercise,  time  of  day,  posture,  atmospheric  pressure,  temperature. 
Some  figures  in  reference  to  the  influence  of  age  are  appended. 

The  frequency  of  the  heart's  action  gradually  diminishes  from 
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the  commencement  to  near  the  end  of  life,  but  is  said  to  riae 
again  somewhat  in  extreme  old  age,  thus  : — 

Before  birth  the  averaiie  number  of  About      the     seventh 

pulsations  per  minute  is  150  '       year                          .from  90  to  85 

Just  after  birth       .  from  140  to  130  I   About  the  fourteenth 

During  the  first  year           130  to  115  year                           .  851080 

During   the   second  In  adult  a^e        .  80  to  70 

year                                 115  to  100  In  old  age   .                 .  70  to  60 

During  the  thii-d  year           100  to    90  In  decrepitude             .  75^65 

In  health  there  is  observed  a  nearly  uniform  relation  between 
tlie  frequency  of  tlie  beats  of  the  heart  and  of  the  respiratioDB ; 
the  proportion  being,  on  an  average,  i  respiration  to  3  or  4  beats. 
The  same  relation  is  generally  mainUiined  in  the  cases  in  which 
the  action  of  the  heart  is  natunilly  accelerated,  as  after  food  or 
exercise  ;  but  in  disease  this  relation  may  cease. 

In  estimating  the  work  done  by  any  machine  it  is  usual  to 
express  it  in  terms  of  the  unit  of  work.  In  England,  the  unit  of 
work  is  the  foot-pmind,  and  is  defined  to  be  the  energy  expended 
in  raising  a  unit  of  weight  (i  lb.)  through  a  unit  of  height  (i  ft) : 
in  France,  the  (fi'^^ni-nvetre.  The  work  done  by  the  heart  at 
each  contmctioii  can  be  readily  found  by  multiplying  the  weight 
of  blood  exj>elled  by  the  ventricles  by  the  height  to  which  the 
blood  rises  in  a  tube  tied  into  an  artery.  This  height  is  probably 
about  2  metres  (7  ft.)  in  man.  Taking  the  weight  of  blood 
expelled  from  the  left  ventricle  at  each  systole  as  125  grampiee 
(4  oz.)  and  the  average  pressure  in  the  aorta  as  150  mm.  merouij 
(2  metres  blood),  the  work  done  at  each  contraction  will  be 
250  gram-metres.  To  this  must  be  added  80  gram-metres  for 
the  work  done  In'  the  right  ventricle.  If  the  heart  beats  72  times 
a  minute,  it  will  do  30,000  kilogramme-metres  of  work  in  the 
24  hours,  or  alxMit  a  (jujirtor  of  the  work  j)orfonned  by  a  labourer 
working  under  supervision  for  eight  hours.      (Waller.) 

Thr  Output  of  the  Ifriirt. — Tilt*  calculjitiini  in  tho  ])rcce<ling  paragraph 
is  basi'd  uiMiTi  th'-  »xi><'iinKMit>  of  Volkiiiann  ami  Vieruidt.  Recent  roM.'an^h 
has  *«ho\vn  tliat  thi-ir  t'stiinatc  of  tin*  output  of  the  lu-art  is  excej^Kive  Direct 
nicasiiiriuL'iits  «»f  the  heart's  output  have  hoeii  made  by  Stolnikuw  ami 
Tij:er>iedt.  The  former  cut  off  by  liijature  tlie  \vlK)le  of  the  syMtemic  circu- 
hition  iu  the  tlo«:,  and  then  measured  the  amount  »»f  blood  piissing  through 
the  simplified  circulation  wliich  eonsisted  only  of  the  pulmonary  and 
coronary  vt\sscL>  by  ujeans  of  a  yra<luatetl  cylinder  interpose*!  on  the  course 
of  the  ves'^els.  Tij:ei-sti*dt  made  his  observatioD's  by  means  of  a  Stromuhr 
(/^ee  p.  256)  inserted  into  the  a<»r?a.  Sevent  (»perative  measures  of  this  kind, 
however,  interfeie  with  th(?  <'irrulation  a  lmhxI  <leal. 

(irehant  and  Quinipiaiul.  and  Zuntz  a«iopted  an  indireet  method  boseil  on 
the  compariMin  of  the  amouijt  (»f  oxyp-n  abxuli-d  in  the  lungii  with 
the  amount  ad<led  to  the  bl<V)d  in  its  pa-siL'i.'  ilnouLrli  the  pulmonary 
circulation. 


inkervaTion  of  the  heart. 

^.  Sf.  ^Lewart  hju  introdacDd  an  infenioaa  method,  the  firinciple  of  which 

!  Nvwinjf.    A  toluiiot)  of  an  innoetiou*  substunce,  which  can  be  ea«ilj 

*1  unci  estimated,  is  nUoweit  to  flow  for  a  definite  lime  arid  at  a 

''Tiii^.r-n   nitc  imo  the  heart;  the  3ub*t»nce  selected  was  sodium  chloride, 

|Tbi*  rnirifi'lei  with  thi;  blo<>il  ami  parses  into  lUff  cin:uUiticni.    Ai  a  t^>fiv(f*  ' 

Jt,  -.».»    ,.;.,*     *'    ,^^,  v.i^culjir  ><y<"tt'pi,  ii  ^^itimile  of  hhxKi  is  drawn  off  just 

i:,  uo*l  an  ef[i]ij|  ami>m»t  di^ring  the  paAaiige  of  the  salt  ; 

\A's  srKltum  chloride  ^>lutiotj  whtt'h  iiiust  h^  added  t*>  the 

:;4t?  tri  ortier  th&t  it  tnaj  coniam  as  muoh  lis  tbt*  se<!<MiVl  saint>l4^  ia 

t-dt     This  determination  gives  the  extent  to  which  thu  salt  eolotion 

I  mixed  with  the  blixjd  in  tho  heart,  ami  knowing  tlie  quantity  of 

Mnri  whieh  ba«:  run  into  the  heart,  the  output  in  a  given  time  can 

!,ited. 

■^  cXfieHmenu  have  been  on  nnimak.     The  reaults  ut>taiued  neccs- 
ry  with  the  siee  of  the  anmml  ose^l,  and  with  the  rate  at  which 
t  i*  beating.     If  the  sam.'  reliiS  U>nship  holib  fi*r  mail  a*  for  an i malt,'] 
calcuhite*  that  in   a   man   weij^hinn-  70  kilo,  the  output  of  each  ' 
'■  |>er  <k;eoiid  ia  lei*s  than  O'ooi  of  the  body  weight,  iV,^  about  105 
-  t>f  blood  per  second,  ot  87  gTftmme*  (about  80  c.c.)  per  heart  beat 

Im  in   r%  |jnbe  r»tf  of  72.     Zuritz  obtained  rather  smaller  numbers  hy  his 
«ttlMMl 
Vjkriijiig  methods  have  beeji  aiiopttfl  for  re^i'^tering  the  output  of  the 
b^rt   tinder  i^Bryinj?  circumstance*.     A  stimple  cardnymttfr  appltL-able  to  1 
th^  hrrtrt  r.f  a  qmnll  mammal  like  a  cat  has  been  devised  by  Barnard,     ft- J 
'  '  I -rubber  ten  ni*  bull  with  a  circular  orifice  cut  inonefidaf 

,1  to  admit  the  heart  :  a  glaais  tube  ia  eecurcly  fixed  into  l 

^•0^  .  ^^n  The  opposite  side  of  the  \m\L    The  animal  is  antesihetised,! 

iilv<  is  opened.    The  aninml  ii^  kept  alive  by  artificial  respiratiomj 

TVi  im  is  then  opened  by  a  eiucial  incision^  the  heart  ia  slipped 

hi'  !  ;  the'pcricaniiuui  overlap-*  the  outijKidc  of  thu  bcill,  and  the 

*|ii  reuderetl  air-tight  by  siitcHrinf?  the  edgc^  of  tjie  hole  with 

v»iciuMi,  The  four  comers  of  the  perii'ardium  are  then  tightly  tied  by 
lifntm*^  rtinnti  the  gltv*  tube  jiisi  uivtiti  nu"*!.  This  tube  is*  connet'ted  hy  a 
■t-i  '       ublxT   tube   to  a   Mnrcyi*  tambour  or  a  piston-recorder*  the 

WT  if  which  i»  applieil  to  a  moving  bhuikL*nctl  cyliudt.*r.    When 

Ifet    -I'  »i J  tracts,  air  will  be  withdrawn  from  the  tambour  to  the  audio- 

meter:  whf.*ti  the  heart  e?(]>ands.  the  air  will  move  in  the  reverse  direction, 

T!]'--r  movements  are  written  by  the  eml  of  the  lever  of  the  tamliour*  and 

u^  in  the  excursion?^  ^f  this  lever  corresfwJiid  with  variations  in  the 

of  bl^iJOil  exfHfllcd  from  or  diawji  into  tlie  heart  with  systole  and 

i^peetively.     By  calibrating  the  inslrument  the  actual  volume  of 

-1  expelled  can  be  nBoertained- 

iijj-  mstrament  ima  to  a  great  extent  replaced  a  more  elaborate  cardio- 

nseter  invenJ*^!  by  I  he  late  Pfoi  Roy,     Hia  instrninont  was  miide  of  metal, 

siml  oil  in>it»'iKi  of  air  wns  nsrd  n.^  the  mcilium  in  its  interior. 


Innervation  of  the  Heart. 

The  nerves  of  the  heart,  M^hieh  under  normal  eircumitancei 
control  its  movements,  are  the  following  : — ■ 

t.  Oardiac  branches  of  the  vagus, 

3,  The  canifac  branches  of  the  aympathetie. 

3.  The  intrinsic  ner\^es  of  the  heart.  The«e  were  formerly 
PQgapded  as  more  or  leaa  independent  of  the  other  two  aets  of 
ibm ;  TTt  now  know,  however,  that  they  are  merely  the  termi- 

IT.  B 
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nations  of  the  other  nerves  in   the  heart- walh     For  conveolaitoe 
of  description,  however^  we  will  keep  the  old  name. 

Tlie  VagOB, — This  arises  from  the  grej  matter  m  the  tiKW:! 
•of  the  fourth  ventricle,  at  t)jo  point  of  the  ealamus  scriptoriHS. ' 
It  leitveij  the  hnlh  hy  some  lo — 15  bundles  behhid  the  ninth 
nerve,  and  leaves  the  akull  by  the  juguhir  fortunen,  Imvmg  upon  J 
it  a  ganghon  called  tlie  jngular  f/angii&n.  It  gives  off  bmiichoei 
to  the  vessels  of  the  meninges  and  ta  the  ear,  ftnd  then  n*oeiv«| 
certain  conneeting  branehes  :  (a)  from  the  glg^iso-phurj^igual,  tlie  ^ 
physiologiual  meaning  of  which  i^  not  known  ;  and  (h)  it  receivet  ^ 
the  whole  inner  division  of  the  tipiual  accessory  nerve.  TbiiJ 
nerve  arises  fri-)!!!  a  centre  in  the  bulb  close  t/i  and  1>elow  the] 


Fig   ;4J,— Trmejnf  ahowin^  thc^  actiuoB  of  Use  TEMTitu  on  ih^  hrmrt.    Amr.,  Atn^culjLr;  Tii^ 
v^ditrlf^uliu'  tjmcinir.    Tbe  jmrt  tietweeii  the  i«rp<*ndieal[ij  Itam  indicikte^  thf 
of  TAffUB  •timulatinD'    <^'B  fndieiit«a  tJut  the  fWoodiuT  eoit  w*m  %  t.m,  in 
liTimtaj.    The  pAxt  of  the  ttafiiiiff  to  the  left  flhQ«4  the  t^^W  ocmtnctioiii  of 

ntfi  height  b&fore  ■Umulution,     During  ftimuljitiiiiit  and  for  i«nQ«  tinie  »fl_ 

hfati  of  ftTirJcle  and  ventrirJp  tre  MTMtvd,  Aft«»r  thf-y  commcnw  sffAtn  ihtf  Sit 
imiuM  Rt  tint,  hut  Mooa  iii3r^nirt>  a  much  $rri^tei'  btuplitud?  th1B.11  befow  uis  ApflimliiM 
of  the  utimiilns .    ( Frum  Brantflm.  af  Ic  r  Onuk^ll .  I 


I 


vagal  nucleus ;    the  outer  half  of    the  same  nerve  arbes  fiOtA 
spinal  roots,  and  supplicH  the  ste mo- mastoid  and  trapesiiia. 

Tlic  fibi-es  of  the  apinal  accessory  that  join  the  Togua  art 
chiefly  motor,  especially  Uj  the  larynx  ;  possibly  some  are  eardio- 
inhibitory   see  more  fully  pp.  245,  246),  fl 

The   vagna  then  gives*  off  branches  to   the  pharyn^^t  laryni,  ^^ 
heart,  lungs,  ciesopha^us,  and  stomach,  the  remainder  joining  the 
ooeliae  plexus,  and  tontribntin^  t^i  the  nerve  Buppjy  of  various 
abdominal  organs.     We  have,  however,  in  this  pitiec  only  to  deal 
with  the  cardiac  fibres.. 

It  has  been  known  since  the  ex  peri  men  t«  of  the   Brotg^  Wab 
in  1845,  that  stimulation  of  one  or  both  vagi  prtiduces  alowingl 
or  stoppage  of  the  beat«  of  the  heart.     It  haa  since  V»een  shotro ! 
in  all  of  the  vertebrate  animals  experimented  witli,  that  this  la 
the  normal  result  of  vagus   stimulation.     Kloreover,  aectiim  otj 
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one  vagus  produces  flight  acceleration  of  the  heart  ]  this  reaidi 
h  better  marked  when  both  vagi  am  divided. 

Weak  jitinmlation  of  the  peripheral  end  (if  the  divicjed  nerve 
produces  alowitjg  of  the  heart  (fig.  242) ;  a  strong  Htimtdu8 
produces  stoppage  {f\)f.  241).  It  appears  that  any  kind  of 
utimalua  produees  the  aatiie  effect,  either  cheiiiical,  iiiechanicnl, 
electrical,  or  thermiil,  but  that  of  these  tlie  oioat  potent  i« 
a  rapidly  interrupted  iuduclion  current.  A  certain  amount 
af  confuiiion  has  ariaen  as  to  the  effect  of  vague  Htiimdatioii 
in  oonae(|tience  of  the  fact  that  within  the  trunk  of  the 
nerve  ar©  contained,  in  some  animals,  fibres  of  the  sYnifMithefciCi 
aud  it  depends  to  some  extent  upon  the  exact  poeitiou  of  the 
application  of  the  stimulus,  as  to  the  exact  effect  produced. 
Spe?iking  generally,  however,  excitation  of  any  p;irt  of  t\w  tnmk 


1  ■  \ 
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AtuicU;  iiiid  veulTit-]e  wtUiont  oQinpIrte  Btoppnge  dutttjg'  HtiniuUtio^  of  the  i'UffU«- 
iFrom  liruuttm,  iirUr  Giukcll . ) 

the  vagus  produces  inhibition,  the  stimulus  being:  particularly 
at  if  applied  to  the  termination  of  the  vagi  in  the  heart 
Ikldtf,  where  they  enter  the  substance  of  the  organ  at  the  situation 
of  the  sinus  gauglia.  The  stimulus  may  be  applied  to  either  vagus 
vith  effect,  although  it  is  fretiuently  more  potent  if  applied  to 
the  nerve  on  the  right  aide.  The  effect  of  the  stimulus  ia  not  imme- 
diately seen  ;  one  or  more  beats  may  occur  before  stoppage  of  the 
heart  takes  place^  and  shght  stimulation  may  produce  only  slowing 
Mid  not  complete  stoppage  of  the  heart.  The  stoppage  may  be  due 
either  to  prolongation  of  the  diastole,  as  is  usually  the  case,  or  to 
diminutiou  of  the  ayatole.  Vagus  stimulation  in  hi  hits  the  spon- 
taneous be^ts  of  the  heart  only ;  it  does  not  do  away  witfi  the 
irniabihty  of  the  heart- umscle,  since  jueehanieal  stimulation  jiiay 
hring  out  a  beat  during  the  stand -stifl  caused  by  vagus  stimula- 
tion. The  inhibition  of  the  heats  variea  in  duration,  hut  il'  the 
tttitnulation  is  a  prolonged  one,  the  beats  may  reappear  before 
I  the   current    is    shut   off.      When    the    beats  reappear   on    the 
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cessation  of  stimulation,  the  first  few  are  iisuallj  feeble,  and 
may  be  auricular  only  ;  after  a '  time  the  contractionB  become 
stronger,  and  very  soon  exceed  both  in  amplitude  and  frequency 
those  which  occurred  before  the  application  of  the  stimulus 
(figs.  241,  242). 

•  One  branch  of  the  vagus  is  called  the  depreMor;  it  is  a  separate 
nerve  in  only  a  few  animals.  Unlike  the  inhibitory  branches, 
it  is  afferent,  not  efferent ;  it  cjvrries  impulses  to  the  vaso-motor 
centre  in  the  bulb  from  the  heart.  We  shall  study  its  use  iu 
connection  with  blood  pressure. 

The  Sympathetic. — The  influence  of  the  sympathetic  is  tty 
reverse  of  that  of  the  vagus.  Stimulation  of  the  sympathetic, 
even  of  one  side,  produces  acceleration  of  the  heart-beats,  and 
according  to  certain  observers,  section  of  the  same  nerve  producei 
slowing.  The  acceleration  produced  by  stimulation  of  the  sym- 
pathetic fibres  is  accompanied  by  increased  force,  and  so  the 
action  of  the  nerve  is  more  properly  termed  aagmentor.  The 
action  of  the  sympathetic  differs  from  that  of  the  vagus  in 
several  particulars  besides  the  augmentation  which  is  produced : 
first,  the  stimulus  required  to  produce  any  effect  must  be  more 
powerful  than  is  the  case  with  the  vagus  stimulation  ;  secondly, 
a  longer  time  elapses  before  the  effect  is  manifest ;  and  thirdly, 
the  augmentation  is  followed  by  exhaustion,  the  beats  being  after 
a  time  feeble  and  less  fre<iuent. 

The  fibres  of  the  sympathetic  system  which  influence  the  heart- 
beat in  the  frog,  leave  the  spinal  cord  by  the  anterior  root  of  the 
third  spinal  nerve,  and  pass  thence  by  the  ramus  communicans  to 
the  third  sympathetic  ganglion,  thence  to  the  second  sympathetic 
ganglion,  and  thence  by  the  annulus  of  Vieussens  (round  the  sub: 
clavian  artery)  to  the  first  sym|)athetic  ganglion,  and  thence  in 
the  main  trunk  of  the  sympathetic,  to  near  the  exit  of  the  vagus 
from  the  cranium,  where  it  joins  that  nerve  and  runs  down  to 
the '  heart  within  its  sheath,  forming  the  joint  vago-sym pathetic 
trunk.  These  fibres  are  indictited  by  the  dark  line  in  the  figure 
on  the  next  page.  The  fibres  of  the  sympathetic  seen  nmning 
up  into  the  skull  are  for  the  supply  of  blood-vessels  there.  It 
should  be  noted  that  the  frog  has  no  spinal  accessory  nerve. 

From  the  fact  that  the  augmentor  fibres  are  joined  to  the 
vagus  tnmk,  it  will  be  miderstood  that  the  effect  of  the  stimula^ 
tion  of  the  vagus  iu  the  frog  is  not  in  all  cases  purely  inhibitory, 
but  may  be  augmentor,  according  to  the  position  where  the 
stimulus  is  aj)pliu<l,  the  intensity  of  the  stimulus,  and  the  con- 
st! tion  of  the  heart ;  if  it  is  beating  strongly  a  slight  vagus 
dimulation  will  produce  immediate  inhibition. 
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In  the  dog,  the  augmentor  fibres  leave  the  cord  by  the  second 
.lad  third  dorsal  nerves,  and  possibly  by  anterior  roots  of  two 
or  more  lower  nerves ;  they  pass  by  the  rami  communicantes  to 
the  ganglion  stellatum,  or  first  thoracic  ganglion,  and  thence 
by  the  annulus  of  Vieussens  to  the  inferior  cervical  ganglion  of 
the  sympathetic;  fibres  from  the  annulus,  or  from  the  inferior 
eervical  ganglion,  proceed  to  the  heart. 

In   man,    the  cardiac  branches  of    the  sympathetic  probably 


Roots  of 


Pig.  2|j.— Heart  nerves  of  fn»ff. 


originate  in  the  same  way  ;  they  pass  to  the  heart  from  the 
annulus  of  Vieussens  and  cervical  sympathetic  in  superior, 
middle  and  lower  bundles  of  fibres.  These  pass  to  the  cardiac 
plexus,  and  surrounding  the  coronary  vessels  ultimately  reach 
the  heart.  They  probably  contain  vaso-motor  fibres  for  thes** 
vessels,  as  well  as  the  more  important  fibres  for  the  heart  itself. 


The  course  of  the  inhibitory   fibres  in   mammals  has  been  recent  1 
iiiTCttijntteil  bv  Grossmann.    He  divides  the  rootlets  that  leave  the  me<lull 
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lo  form  the  ninth,  tenth  nnfl  eleventh  cranml  Tierves  inio  ihree  gToup*.**  j 
h  mn\  r ;  a  coiTeapands  f airily  ^^l^  ^vith  the  fihrcisof  thcgloSiftjphatYii^v^l  H 
svilh  thi3fSQ  of  the  vagus,  auil  c  with  thcat*  of  the  apmal  acces^jrj*  l'ir| 
stimalatiijg  efich  rootlet  he  found  the  cartlio-itihihitorT  fibres  in  ihc  tow«il 
two  or  three  nxitlels  of  t^roup  6  and  the  upper  rootlot  af  j^iotip  r.  VatJ 
found  no  OAtiUac  nerves  in  the  ^pinHl  acces&orj  at  alL  The  nU\  Hqw  Ihal  j 
lUl  the  inhibitory  fihrt^  of  the  hejirt  originate  from  the  epinoJ  accesitoiyj 
nerve  wafi  baseti  on  rough  and  toeJcact  e3fpenmeal& 

The  Inhibitorj  fibres  are  m&cliiUatedt  and  only  meniura  3^  to  3^  in  ' 
metier  ;  tliej  pimti  to  the  heart  and  1oh>  their  mcniulla  ia  the  ganglia  uf  Iha 
organ.     The  gyro  pathetic  fibrt^^s  on  the  other  band  reach  the  heart  as  rmo^ 
medullftted  fibres;  havmg  lost  their  medulla  10  the  sytupjilht^tic  (itiferio 
cervical  and  first  thoracis)  pin glia.     The  augmentor  euntre  in  ibe  c<:utr 
nervous  syst^jin  ha&  not  jet  Ijcgu  accurattdy  local i^etL 

Ififttience  of  Z^tu^s. — The  question  of  the  action  of  dntgB 
the  heart  forms  a  large  brunch  of  pharmticology.  We  ah  nil  be 
content  here  with  mentioning  t\\  o  only,  as  they  ar«  largely  med 
for  experimental  purposes  by  physiologists.  Atrx?pine  produoei 
considerable  augmentation  of  the  heart-beata  by  para.lysiug  tli 
inhibitory  tueehaiiisirL.  Muscarim  (obtaitied  from  poisonons  fungi] 
produceei  marked  si  owing,  and  in  larger  doses  stoppage  of  tl 
heart.  It  produces  a  aimilar  effect  to  that  of  prolonged  vj 
stimulation,  and,  aa  in  thut  case,  the  effect  ean  be  removed  hf 
the  action  of  atropine.  The  action  of  atropine  cannot,  however, 
b^  antagonised  by  muscarine.  That  these  drugs  act  ou  the 
norves,  and  not  the  muscular  substance  of  the  heart,  is  shown  by 
the  fact  that  in  the  heart*  of  early  emhryos,  so  early  that  no 
nerves  have  yet  grown  to  the  heart,  these  drugs  bave  little  or 
no  effect.     (Pickering.) 

Rtfie^  InhiHtion.~T\\n%  there  is  no  doubt  that  the  ?! 
nerves  are  simply  the  media  of  an  inhibitory  or  resi 
influence  over  the  action  of  the  heart  vvhieh  lh  conveyed  thn>ngji^ 
tbem  from  the  centre  in  the  medulla  oblongata  which  is  al\va)8 
in  openition.  The  restraining  influence  of  the  centre  iu  the 
medulla  may  be  reflexly  increased  by  stimulation  of  almost  any 
afferent  nerve,  particularly  of  the  abdominal  sympathetic,  en  m 
to  produce  slowing  or  stoppage  of  the  heart,  through  ijupalaet 
passing  down  the  vagi.  As  an  example  of  this  reflex  stimu* 
lation,  the  well-known  effect  on  the  heart  of  a  violent  blow  oil 
the  epigastrium  may  be  referred  to.  Tlie  stoppage  vf  the  hearths 
action  in  this  ease  is  due  to  the  conveyance  of  the  nervous  impu 
by  fibres  of  the  symptithetic  (afferent)  to  the  medulla  oblongat 
and  its  t^ubsequent  rrfferff'tm  through  iJie  vagi  (efferent)  to  thi 
muscular  substance  of  tiie  begirt  C'hlonjfonn  vapour  and  to! 
smoke  in  some  people  and  animals,  hy  acting  on  the  tenuiuatloi 
of  the  vagi  or  their  l>nincheB  in  the  respimtory  ajstem,  may  «Ij 
province  rellejt  inhibition  of  the  heart,    ^ome  very  remarkable  faci 
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oonceming  the  readiness  by  which  reflex  inhibition  of  the  fish's 
heart  may  be  produced  were  made  out  by  Prof.  McWilliam ;  any 
slight  irritation  of  the  tail,  gills,  mucous  membrane  of  mouth  and 
pharjux,  or  of  the  parietal  peritoneum,  causes  the  heart  to  stop 
beating. 

In  connection  with  the  subject  of  reflex  inhibition,  it  may 
be  mentioned  in  conclusion  that  though  we  have  no  voluntary 
control  over  the  heart's  movements,  yet  cerebral  excitement 
will  produce  an  effect  on  the  rate  of  the  heart,  as  in  certaii) 
emotional  conditions. 

Intracardiao  Nerves. — The  heart  beats  after  its  removal 
from  the  body ;  in  the  case  of  the  frog  and  Other  cold-blooded 
animals,  this  will  go  on  for  hours,  and  under  favourable  circum- 
stances for  days.  In  the  case  of  the  mammal,  it  is  more  a  ques- 
tion of  minutes  imless  the  heart  is  artificially  fed  through  the 
coronary  artery  with  arterial  blood.  If  this  is  done,  especially 
in  an  atmosphere  of  oxygen,  the  dog's  heart,  or  even  strips  of  the 
dog's  heart,  can  be  kept  beating  for  hours.  (Porter.)  At  one 
time  this  was  supposed  to  be  due  to  the  intrinsic  nervous  system 
of  the  heart ;  the  heart  was  regarded  almost  as  a  complete 
organism,  possessing  not  only  parts  capable  of  movement,  but 
also  a  nervous  system  to  initiate  and  regulate  those  movements. 

We  now,  however,  look  upon  the  muscular  tissue  of  the  heart, 
rather  than  its  nerves,  as  the  tissue  which  possesses  the  power 
of  rhythmical  movement,  because  muscular  tissue  which  has  no 
nerves  at  all  jxwsesses  this  property.  For  instance,  the  ventricle 
apex  of  the  frog's  or  tortoise's  heart  possesses  no  nerves,  but  if  it 
is  cut  off*  and  fed  with  a  suitable  nutritive  fluid  at  considerable 
pressure,  it  will  beat  rhythmically,  ((iaskell.)  The  appamtus  by 
which  this  may  be  accomplished  we  shall  study  at  the  end  of  this 
cliapter.  The  middle  third  of  the  ureter  is  another  instance  of 
muscular  tissue  free  from  nerves,  but  which  nevertheless  executes 
peristaltic  movements.  Perhaps,  however,  the  most  striking 
instance  is  that  of  the  foetal  heart,  which  begins  to  betit  directly 
it  is  formed,  long  before  any  nerves  hivve  grown  into  it. 

The  power  of  rhythmical  peristalsis  therefore  resides  in  the 
muscular  tissue  itself,  though  normally  during  life  it  is  controlled 
and  regulated  by  the  nerves  that  supply  it. 

The  intracardiac  nerves  have  been  chiefly  studied  in  the  frog  ; 
the  two  vago-sympathetic  nerves  terniinnto  in  various  groups  of 
ganglion  cells  ;  of  these  the  most  important  are  RenmJcs  yanylUm^ 
situated  at  the  junction  of  the  sinus  with  the  right  auricle  ;  and 
Bidder's  ganglion,  at  the  junction  of  the  auricles  and  ventricle.  A 
third  collection  of  ganglion  cells  (?^o?i  Beza/d'sf/fmr/Hon)  is  situated 
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in  the  inter-auricular  septum.  From  the  ganglion  ceVla,  fibwi 
apread  out  over  the  walls  of  shm&,  auricles,  and  the  upper  pan 
of  tlie  ventricle,     Remak'e  ganglion  used  to  be  intxlled  the  local 

inliibitory  centre  of  the  heart 
it  1(3  renllv  the  teriuinalkiti 
of  the  nihibitory  fibres.  Mid 
^stimulation  of  the  heart  at  1 
the  tiino-auricjnlar  juncUou 
h  the  moat  certain  w»y  tjf 
obtjiinin;^  stoppage  of  Uie 
heart,  BidHcra  ganglion  wai 
callevl  the  lo<ml  flccelenit^jr 
oeritni  for  a  Ciirrespmiliii}: 
reneon. 

The  accompanying  Hgur«»l 
show  the  vagal  terminatioii*  I 
in  Hemak's  ganglion  (fig.  J 
244),  some  isolated  oerfe* 
cells  from  this  ganglion  (fig.^ 
345) ;  and  %.  246  U 
rough  diagram  to  indtoato] 
the  positions  of  the  principiil 
ganglifu 

In  connection  with  the  rhythmic  contmctiou  of  the  heart,  it  is 
necessary  to  allude  to  snrhat  is  known  m  Stanniui'  experiment. 


F%,  144. — Courte  of  the  nentea  in  the  iiuricii- 
l«r  Mititjcni  wiU!  cif  the  b»rt  of  «  fmir. 

(Eokcr.) 


m- 


U»u«i1  farm.    II.  TviBll 


This  experiment  coimats  in  applying  a  tight  ligature  to  the  heart 
between  the  atuus  and  the  right  auricle,  the  eflect  of  which  fa  to 
i!top  the  beat  of  the  heart  beyond  the  ligature,  w^hilst  the  sinus 
continues  to  beat.  If  a  Beeond  ligature  Is  applied  at  the  junc- 
tion of  tlie  auricles  and  ventride,  the  i*entricle  begins  to  bea!^ 
whilst  the  an  rides  continue  riiuesccnt.     In  lioth  ctises  the  quiea- 
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cent  parts  of  the  heart  may  be  made  to  give  single  contractions 
in  response  to  mechanical  or  electrical  stimulation.  A  consider- 
able amount  of  discussion  has  arisen  as  to  the  explanation  of 
these  phenomena.  It  was  suggested  that  the  action  of  the 
ligature  is  to  stimulate  the  inhibitory  nervous  mechanism  in 
the  sinus,  whereby  the  auricles  and  ventricle  can  no  longer 
continue  to  contract,  but  tliis  suggestion  must  be  given  up  if 
the  present  theory  as  to  the  functions  of  the  nerve  ganglia  is 
correct.  The  effect  of  Stannius'  ligature  is  simply  an  example  of 
what  has  been  called  by  Gaskell  blocking.  The  explanation  of 
this  term  is  as  follows  : — It  appears  that  under  normal  conditions 
the  wave  of  contraction  in  the  heart  starts  at  the  sinus  and 
travels  downwards  over  the  auricles  to  the  ventricle,  the  irrita- 
bility of  the  muscle  and  the  power  of  rhythmic  contractility  being 


Aorta 


Vvg.  246.— DiaigTam  of  ganglia  in  frog's  heart.    K,  Remak'H,  B,  Biddei'*M  gauglion; 
S,  sinuB ;  A,  auiicle ;  V,  ventricle. 

greatest  in  the  sinus,  less  in  the  auricles,  and  still  less  in  •  the 
ventricle,  whilst  under  ordinary  conditions  the  apical  portion  of 
the  ventricle  exhibits  very  slight  irritability  and  still  less  power 
of  spontaneous  contraction.  Thus  it  may  be  supposed  that  the 
wave  of  contraction  beginning  at  the  sinus  is  more  or  less  blocked 
by  a  ring  of  muscle  at  lower  irritability  at  its  junction  with  the 
auricles ;  again  the  wave  in  the  auricles  is  similarly  delayed 
in  its  passage  over  to  the  ventricle  by  a  ring  of  lesser  irritability, 
and  thus  the  wave  of  contraction  starting  at  the  sinus  is  broken 
as  it  were  both  at  the  auricles  and  at  the  ventricle.  By  an 
an-angement  of  ligatures,  or  better,  of  a  system  of  clamps,  one 
part  of  the  heart  may  be  isolated  from  the  other  portion,  and 
the  contraction  when  stimulated  by  an  induction  shock  may  be 
made  to  stop  in  the  portion  of  the  heart-muscle  in  which  it 
begins.  It  is  not  unlikely  that  the  contraction  of  one  jx)rtion  of 
the  heart  act^  as  a  stimulus  to  the  next  portion,  and  that  the 
sinus  contraction  generally  begins  first,  since  the  sinus  is  the 
most  irritable  to  stimuli,  and  possesses  the  power  of  rhythmic 
contractility  to  the  most  liighly  developed  degree.  It  must  not 
be  thought,  however,  that  the  wave  of  contnietion  is  incapable  of 
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paaaing  ovyr  tlie  heart  in  aiiv  other  direction  than  from  the  aintii 
onwards ;  it  \m&  been  sliowii  that  by  application  of  appropriate; 
Btiniuii  at  appropriate  instants,  the  natural  s^Hiucneo  of  licats  mnv 
be  revcmed,  and  the  contraction  sfovrting  at  the  aJi/erial  pari  oi 
the  ventricle  may  pass  to  the  auricles  and  then  to  the  sinus. 

The  qutstioij  htts  beeu  tHacusde^l  wlictht*r  tht*  wiiv^  from  nue  chamber  i» 
p8iw»ed  oil  to  I  ho  n^%t  iry  nervous  or  mtat^uliiT  counetitioii.  Tht  ^low  r»ti« 
of  propa^tioii  of  the  wave  And  the  existence  cf  mu4!t*ubir  iabr&  ijftsiijijr 
acTute  froiu  one  ehamber  Ui  the  uaxi  show  that  tlie  liuk  is  ft  mtiiftctilAi'  one, 

Au  exceediugly  interesting  fact  with  regard  to  the  p&aauge  of 
the  wave  in  any  direction  lias  been  made  out  by  jmrtial  diviiioD 
of  the  mnscular  Hbres  at  any  pDinti  whereby  one  part  of  the  wall 
of  the  heart  is  left  connected  with  the  other  parts  by  a  snjall 
portion  of  nndivided  muscular  tissne,  and  the  wave  of  contnictioti 
is  then  able  to  pass  to  the  next  portion  of  the  wall  only  evei^ 
second  or  third  beat*  Thim  division  of  the  inuScle  has  mucli 
the  sarae  effect  as  partial  clamping  it  in  the  same  position,  or  of 
a  ligature  similarly  applied,  but  not  tied  tightly.  The  firat 
Stannins  ligature  acts  as  a  partial  or  complete  hU>ck,  and  ptv* 
Tenta  the  atimuliis  of  the  siuiie-bcat  from  passing  further  down 
the  heart,  but  part«  beyond  the  ligature  may  be  made  to  contract 
by  stiraidi  applied  to  tiieni  directly.  The  second  Stannins  liga^ 
tnre  acts  as  a  stimulus  to  the  ventricle*  Inst-ead  of  applying 
the  second  ligature,  the  eTtperiinetit  nmy  be  varied  by  cutting  off 
the*  heart  l^yond  the  first  ligature  ;  the  stimulation  caused  by 
uutting  produces  waves  that  travel  over  auricles  and  ventricle. 

The  explanation  of  the  Aetion  of  the  ^taniiias  lignttin^  juF;t  ^ivca  eaii 
h[*rdiy  be  rogardctl  ait  whotlj  sfitisfaetory  though  it  is  the  b^t  thnt  can  tjv 
offcrtsi  lit  ^>a\Hctjt,  If  the  first  ligiitupe  ftetaiisa  block  it  j<j  difficult  to  imiirr- 
jeijiriil  vfUy  the  ^iecotid  lihuuUl  net  as  n  Mimalu^;  and  if  the;  secoml  act&  mah 
atiniulaaf  the  qaesUoa  arises  whj  the  first  should  not  act  as  a  fitiiauJaH  sdoih 

The  importance  of  the  sinus  afi  the  starting-point  of  the  pen* 
stalits  can  be  shown  by  warming  it.  If  tbe  heart  is  warmer  1  by 
l*atljing  it  in  Salt  solution  at  about  the  body  temperature,  H  beats 
faster ;  this  is  iiue  to  the  iinns  sti^rting  a  larger  number  of  pen- 
staltic  waves;  that  this  is  the  case  ntay  be  demonstrated  by  warm* 
itig  localised  portions  of  tiie  heart  by  a  smidl  galvano-cautery ;  if 
the  sinus  is  wanned  the  heart  beats  faster,  but  if  the  auridet  or 
voutricle  are  wanned  there  is  no  alteration  in  the  hearts  rate. 

Tbe  sinus  in  thi*  frog^s  heart*  and  that  jjortion  of  liie  right 
auricle  of  the  mammars  heart  which  corres|KJnds  to  tlie  sinun,  16 
always  the  last  |>ortion  of  the  heart  to  cease  beating  on  death,  or 
after  removal  from  the  body  (ultinui  ntarun»y  *Vhis  ia  an  addi- 
tional [jroijf  of  the  suiierior  rhythmical  power  which  it 
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The  f^ot  Uiat  the  Stanmus  heart  is  quiescent  has  enabled 
ph\  i^ologiftts  to  stTidy  the  eflects  of  stimuli  upon  heart  niuacle* 
A  swingle  siimuiiis  protJuees  a  sinj^le  contraction,  which  haa  u 
lung  Ifiient  porioti,  ia  slow,  aiu!  piofiugated  as  a  wave  over  tlie 
heart  at  the  rate  of  f  tx>  |  inch,  or  10—15  ^^^-  ^  second.  A 
second  stimnliiB  caime@  a  rather  larger  contraction,  a  third  one 
l&i^er  still,  am!  so  on  for  some  four  or  five  beats,  when  the  size 
of  the  con  true  tion  Irecomcii  constant.  This  Hmrciue  phetionjenon, 
ns  it  Is  Gnlledy  ia  also  seen  in  rolimtary  mnsclc  (see  p.  124)5  hut 
it  is  tnore  marked  in  the  heai*t.  The  followhig  tracing  shows  the 
t^itilt  of  im  actual  eicperiment : — 


ilf .  i4j.—StMitmMt  fraoi  frog's  he^rt.    Thk  wa»  obtAmL>d  itom  m  f^tanoitu  pr^pamtitm 
in  indQctioa  iIukIc  bciog  sent  into  it  vi^  every  rtvcflntiou  of  Die'  cylmd^i  i  rapid  rate) . 
Tb#  «Mata»ctioai  be«ain(?  lut^et  inth  ewty  bt»t.    To  be  read  from  rigbt  to  left. 

There  are,  however,  more  marked  differences  than  this  between 
fOttmtarj  and  heart  muscle*  The  first  of  these  is*  that  the 
amount  of  contraction  does  not  vary  with  the  strength  of  the 
Btimulation.  A  stimulus  strong  enough  to  produce  a  contraction 
at  all  brings  ont  aa  big  a  lieat  im  the  strongest.  The  second  is, 
that  the  heart  muscle  has  a  long  rrfraeimy  perioit  ;  that  is  to 
mj^,  after  the  application  of  a  atinuilnsj  a  second  stimulus  will 
not  cause  a  secoud  &3ntniction  until  after  the  lapse  of  a  certain 
interval  called  the  rtimctorj/  perkxL  The  refractory  pericnl  lasts 
«8  long  as  the  heart-heat.  The  third  difference  depends  on  the 
second,  and  consists  in  tl>e  fact  that  the  heart  muscle  can  never  be 
thrown  into  complete  tetanus  by  a  rapid  series  of  stimulations ; 
with  a  strong  current  there  is  a  partial  fusion  of  the  beats^  but 
this  is  enttrcly  independent  of  the  rtite  of  faradisation.  Indeed, 
as  a  mle,  the  heart  responds  by  fewer  beats  to  a  rapid  tiian  to  a 
slow  rate  of  stiniulation. 

In  spite  of  thi'se  differtnocH  thcrt-  arc  umny  and  iniportniit 
resemblances  between  hcurt  rmisclc  and  vuhuitary  muscle. 

The  thermal  and  chemical  changes  are  similar;  there  is  a 
asiDg*up  of  oxygen  and  a  production  of  carbonic  acid  and  sarco- 
kctic  acid.     The  using-up  of  oxygen  was  well  illustruted  by  an 
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experiment  of  Prof.  Yeo's,  He  passed  a  weak  sotutloii  of  oiy- 
liiermjglubiu  thruiigh  an  excised  beatin*;  frog  a  heart,  and  louttd 
that  after  it  had  po^i^ed  tli rough  the  heart,  the  solution  bdcam« 
le^s  oxygenated  and  venous  in  colour* 

The  electrical  changes  are  also  similar,  and  have  already  beeu 
dwelt  upon  iu  Chapters  XII.  and  XIV,  We  may,  however,  add  tu 
the  facts  there  described  another  experiment  which  was  performed 
hj  Dr.  (iaskell.  He  argued  that  if  the  vagus  and  the  symp^Lthetic 
produce  opposite  effects  on  tiie  contract  ion  o(  the  heart,  they 
ought  to  produce  op|K>aite  electrical  ejrect»  as  well.  So  he  took 
a  strip  of  the  auricle  of  the  tortaii^e  which  wjnj  still  in  counection 
with  the  two  nerves  ;  oti  stinmlatiog  the  vagus  it  iwcanie  elec- 
ttically  more  positive,  and  on  stimulating  the  ay  in  pathetic  it 
became  more  negative,  a  result  which  justitied  his  argument. 


Instruments  for  Studying  tha  Excised  Frog's  Heart. 

If  ii  frogs  heitrt  is  simply  oxcisetl  and  allowtHj  to  remain  wilb 
oufc:' being  fed,  it  ceases  to  beat  after 
a  time  varying  froru  a  few  Vniuutes 
to  an  iiour  or  so,  but  if  it  is  feii  with 
a  initritive  fluids  it  will  coniniue  ba 
beat  for  many  hours,  A  very  good 
nutritive  fluid  is  defibrinated  blood  di- 
luted with  twice  ita  volume  of  phy*<it> 
logiunl  bulinu  solution.  Dr*  Ringer  ha^ 
however,  shown  that  nearly  as  go 
results  are  obUiined  with  physiologicall 
saline  Bolutign  to  which  minute  quanti- 
ties of  calcium  and  f:>otai'»ium  mtllM  i 
have  been  adijed ;  in  other  woj-d^  t\\ 
inoi^anic  saltB  uf  the  blood  will  maiu* 
tain  cardiac  activity  for  a  time  without 
the  addition  of  any  organic  material.* 
The  fluid  is  passed  through  the  heart 
by  means  of  a  f^erfusion  cannula  (fig. 
J4S).  The  h^rt  is  tied  on  to  the  end 
of  the  c-annula  ;  the  fluid  enters  by 
one  and  leaves  by  the  other  tube. 

NuujcrouH  itisti'umcutJB  have  bet'U  devised  for  obtainin'j  giaphie 

•  Pmf.  Howell  baf  reeeutly  Rhown  that  the  sitnis  or  renouA  end  of  tbu 
hcAVt  is  cupeciatlv  fla»oeptlhle  of  beiiit:  thtowTi  into  rhythmical  nction  hj 
mob  nn  ianrffBuie  mixture^.  The  novmril  g^timiihis^  for  the  starting  of  the 
HcarT-W-jir  }s  Uwrvfarv  to  Ih}  sou^^ht  in  \\w  mha'tal  i-innfiiitiiunU  of  the  bloiiil 


Fig.  J4S.-  Krativcki  r**  IVrfUBioti 
%$  tbv  IqCerfur  rif  tli«  I'nw's 

It  DDOJiuite  of  a  duabto  Inhftt 
lint*  otitaidfl  tlie  dther.  The 
ttiaut  tube  brauohen  ttut  Ui  th^^ 
light  I  thus,  when  tho  vtftitiide 
ii  Ui«d  to  ttj^  ciuttT  tuI'M^  of  the 
i}4LniiulA,  H,  ctirrebt.  cpf  li^inid  tjuj 
hv  madtf  ui  puti^i  into  ihti  heart 
by  uui*  tulif  ttnd  out  Uitrmgti  thf 
uUier, 


bloiNi,  H 
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records  of  the  heart's  movements  under  these  circumstHnces,  but 
we  shall,  be  content  with  describing  three  of  the  best.  They 
have  been  much  used  in  the  investigation  of  the  effects  of  drugs 
on  the  heart,  and  the  results  obtained  have  been  of  much  service 
to  physicians. 

(i)  The  heart  having  been  securely  tit^i  on  to  the  perfusion  cannula,  the 
circulating  fluid  is  passed  throujfh  it.  One  stem  of  the  cannula  is  then 
attached  by  the  small  side  branch  on  the  left  in  fig.  248  by  a  tube  containing 
salt  solution  to  a  small  mercurial  manometer,  provided  with  h  float,  on  the 
top  of  which  is  a  writing  style.  The  apparatus  is  arranged  so  that  the 
movements  of  the  mercury  can  be  recorded  by  the  float  and  the  writing 
style  on  a  slowly  revolving  drum.  The  movements  of  the  mercury  are  due 
to  change  in  the  endocardiac  pressure. 

The  other  two  instruments  we  shall   describe  are   constructed   on    the 


Fig.  249.— n«iy*R  TdTMHuter. 

Opposite  principle  :  the  heart  is  enclosetl  in  a  chamber  filled  with  oil,  and 
the  movements  of  this  oil  outside  the  heart  are  registered. 

(2)  Roy's  Tonometer  (fig.  249)  :  A  small  bell-jar,  open  above,  but  provided 
with  a  firmly  fitting  stopper,  in  which  is  fixed  a  double  cannula,  is  adjustable 
by  a  smoothly  ground  base  upon  a  circular  brass  plate,  about  2  to  3  inches 
in  diameter.  The  junction  is  made  complete  by  greasing  the  base  with  lard. 
In  the  plate,  which  is  fixed  to  a  stand  adjustable  on  an  uprigrht,  are  two 
holes,  one  in  the  centre,  ft  large  one  alK)ut  one-third  of  an  inch  in  diameter, 
to  which  is  fixed  below  a  brass  grooved  collar,  amut  half  an  inch  dee}* ;  the 
other  hole  is  the  opening  into  a  pipe  provided  with  a  stopcock.  The  opening 
provided  with  the  collar  is  closeu  at  the  lower  part  with  a  membrane,  which 
is  closely  tied  by  means  of  a  ligature  around  the  groove  at  the  lower  edge 
of  the  collar.    To  this  membrane  a  piece  of  cork  is  fastened  by  sealing. wax« 
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fTiJin  whirh  passes  a  wire,  which  is  alUicbed  t&  a  lever  (out  short  Ifl  th« 
dia>rram)  ftxed  on  a  atage  below  tb«  apparatufl. 

When  uBiD^  the  appftTiitiii,  the  bell -jar  is  filleil  with  olive  oil.  Tb«  heart 
ttf  ft  large  ftQg  is  prepared  and  the  cannula  fixed  in  the*  top  per  m  ftnnly  ti«d 
into  it ;  the  tubea  of  the  cannula  eommunicate  with  ihe  reservoif  of  cifcu- 
lating  rtyid  on  the  one  hand.  atkI  with  a  vcaael  to  receive  it  after  it  has  ntn 
through  the  heart  on  the  otlien  The  cannula  with  heart  attached  is  passed  into 
the  oil,  and  the  stopper  firm Ij  secured.  Every  time  the  heart  enlargt*,  the 
membrane  is  pressed  down  ;  every  time  the  heart  contracts  the  membTane  i* 
pulled  up  ;  the  lever  foDows  aud'mafrnifiefl  these  movements.  The  lert'T  ie 
mi j Listed  to  a  convenient  elevation  and  .Ulowed  to  write  on  a  iDovlniE:  dram. 
After  d  short  timo  the  heart  may  stop  lieatln^  ;  but  two  vvirea  are  ftrmngt<l, 
the  one  in  the  cannula,  the  other  projecting  from  the  plat«  iu  Bucb  a  vnv 
that  the  heart  can  be  moved  ajpiin«t  them  by  ahiftinj^  the  position  of  the 
bell- jar  a  little.  The  wires  act  aifi  elej^trodea.  and  can  be  mmle  to  comiu arti- 
ste with  an  induction  apparatus,  so  that  induction  ihock^  can  he  sent  rnio 
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the  heart  to  produee  oontmetlons.  After  a  time  the  heart  ceases  to  beat 
altogether ;  before  dci&ff  so  it  Itecomcs  irri*gular.  A  frequent  fortu  of 
irre^ilartty  seen  constsUof  groqp^  of  extractions  each  showing  n  stfdrcaac, 
separated  by  lon^  intervals  of  quiescence  (Ludani's  Onjups), 

(3)  Sck^fert  HeaH^plrtkyimtigrfiph. — The  principle  of  this  apparatus  ts 
the  same  as  Roy's*  A  diagratnTxiatic  sketch  of  it  \^  0ven  in  fig,  250,  The 
hearty  tied  on  to  a  double  cannula^  is  inscrtett  into  an  air-tight  veisel  CdQ> 
taining  oil.  On  one  side  of  the  vcsael  is  a  tabe,  in  which  a  lightly-moving 
piston  is  fitted  ;  to  this  a  writing  pomt  i«  attached.  The  piston  is  moved 
backwards  aud  forwanis  by  the  changes  of  volume  in  the  heart  causing  the 
oil  to  aitemately  recede  from  and  pass  into  this  side  tube.  The  oorrespond^ 
ing  tube  on  the  other  side  can  be  opened  and  the  tube  with  the  piston 
closed  when  one  winheft  to  oeaie  raoordlng  the  movements. 


CHAPTER  XXL 

THE   CIRCULATION  IN  THE   BLOOB-VISSELS. 

The  uircalation  through  the  veaseJs  ia  accomplisbed  by  ttie 
heart  fts  the  primary  propelling  force  ;  the  pressure  in  the  heart 
is  greater  thati  that  to  the  arteries  ;  the  arteria!  pressure  (wkiob 
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ii  kept  high  not  only  by  the  heart's  force,  btit  by  the  existeiice 
of  t^ilitaiice  at  the  periphery)  is  greater  than  that  in  the  capil- 
luiea^  atid  the  press ure  is  lowest  in  the  Teins,  especially  at  their 
entfunce  into  the  heart ;  and  fluid  alwayi  flows  in  the  direction 
of  lower  praaaiira  Before,  however,  pajssing  on  to  the  alMmportant 
r|ueatioii  of  blood-pressure,  we  must  first  consider  various  other 
phenomena  in  connection  with  the  flow  in  the  vessels^  such  as  the 
velocity  of  the  stream,  and  the  character  of  the  flow  in  different 
parts  of  the  vascular  circuit 


The  Velocity  of  th©  Blood-Flow. 

^^Tlie  velocity  of  the   blood-current  at  any  given  jxiint  in   the 

^B^ous  divisions  of  the  circulatory  system  is   inversely  propor- 

XimaiX  to  ilieir  sectional  area  at  that  point.     If  the  sectional  area 

ot  aJl  the  branches  of  a  vessel  united  were  always  the  same  as 

tbit  of  the  vessel  from  which  they  arise,  and  if  the  aggregate 

lectional  ai-ea  of  the  capillftry  vessels  were  equal  to  that  of  the 

ftftrta,  the  mean  nipidity  of  the  blood's  motion  in  the  capillaries 

be  the  same  Jis  in  the  aorta ;  and  if  a  similar  correspondence 

■  icity  existed  in  the  veins  and  arterieSj  there  wo\ild  be  an 

r]niil  i.orrcspondence  in  the  rapidity  of  the  circulation  in  them. 

Uiiiwlien  an  artery  divides,  the  sectional  iLrea  of  its  branches  is 

ifr»ter  than  that  of  the  artery  from  which  they  originate*     The 

only  eiueption  to  this  rule  ia  seen  in  the  division  of  the  aorta  into 

the  two  common   iliac  arteries*     It  is  the  same  with  the  veins ; 

the  sectional  area  of  a  vein  formed  by  the  union  of  smaller  veins 

k  less  than  the  total  sectional  are-a  of  its  tributaries.     From  the 

jwrta  onwards  to  the  capillaries  there  is  a  gradual  increase  of  the 

*rea  of  the  stream  with  a  corres]x>nding  diminution  of  its  velocity; 

from  Uie  capillaries   onwards   to    the  heart   there  is  a   gradual 

decrease  of   the  bed  of  the  stream  and  a  (xjrresponding  inor^iie 

in  its  velocity. 

1 13  other  w*ord8  the  arterial  and  venous  systems  may  be  repre- 
seuted  by  two  truncated  cones  with  their  apices  directed  towards 
the  heart;  the  area  of  their  united  base  (the  sectional  area 
of  the  capillaries)  is  about  700  times  as  great  as  that  of  the 
tJTincated  apex  representing  the  aorta.  Thus  'the  velocity  of 
blood  in  the  capillar  tea  is  not  more  than  --^  of  that  in  the  aorta* 
The  veins  are  larger  than  the  corresponding  arteries,  and  30  the 
Tate  there  is  proportionally  slower. 

In  the  Arttries* — The  velocity  of  the  stream  of  blood  is  greater 
in  the  arteries  than  in  any  other  part  of  the  circulatory  system , 
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and  in  them  it  is  greatest  in  the  neighbourhood  of  the  hearty  and 
during  the  ventricular  systole.  The  rate  of  movement  diminiAhes 
during  the  diast(jle  of  the  ventricles,  and  in  the  parts  of  the 
arterial  system  most  distant  from  the  heart. 

A  few  of  the  results  obtained  by  different  observers  may  be 
here  given. 

In  the  carotid  of  the  dog,  the  velocity  is  205 — 350  mm.  per  second. 
„  „         „      horse  „  306  „ 

„      metatarsal  „  „  56  „ 

In  very  round  numbers  we  may  state  the  average  speed  in  the 
large  arteries  as  a  foot  per  second. 

EBtimation  of  the  Velocity. — Varioas  iDttro- 
ments  have  been  devised  for  measuring  the  velodty 
of  the  blood-streniu  in  the  arteries.  Lnd wig's 
Stromvhr  (fig.  251),  which  is  the  best  instrument 
to  use,  consists  of  a  U-shaped  glass  tube  dilated 
at  a  and  a',  the  ends  of  which,  h  and  i,  are  of 
known  calibre.  The  bulbs  can  be  filled  by  a 
common  opening  at  k.  The  instrument  is  so  con- 
trived that  at  b  and  b',  the  glass  part  is  ^rmlj  fixed 
into  metal  cylinders,  attiichp<l  to  a  circular  hori- 
zontal table  c  c\  capable  of  horizontal  movement  on 
a  similar  table  d  d'  about  the  vertical  axis  marked 
in  figure  by  a  dotied  line.  The  openings  in  e  c'^ 
when  the  instrument  is  in  position,  as  in  fig.  251. 
corrcspontls  exactly  with  those  in  d  tT ;  but  if  r  ^ 
be  turned  at  right  angles  to  its  present  position, 
there  is  no  communication  between  h  and  a  and  i 
and  ti\  but  h  communicateF  directly  with  t  ;  and  if 
turned  through  two  right  angles  c'  communicates 
with  d,  and  r  with  d\  and  there  is  no  direct  commo- 
nication  hctw(;en  h  and  ».  The  experiment  is  per- 
formed in  the  following  way  : — The  artery  to  be 
experimented  u}H>n  is  divided  and  connected  with 
two  eaniiul«^  and  tubes  which  fit  it  accurately  with 
//  and  / ;  ft  is  the  central  en<i.  and  ?  the  |)eripheral  ; 
the  bulb  (I  is  filled  with  olive  oil  up  to  a  point 
rather  lower  than  k,  and  a'  and  the  remainder  of  a 
is  filled  with  defibrinate<l  bl(KKl  ;  the  tube  on  k  is 
th(^n  carefully  clamped  :  the  tubes  d  and  d'  are  also 
filled  with  defibrinate«l  blooil.  When  evciytbing  is 
ready,  the  blo<Kl  is  allowe<l  to  fiow  into  a  thn»ugh  h,  and  it  pushes  before 
it  the  nil.  and  that  the  defibrinated  bl(K>d  into  the  artery  through  1;  a'  ig 
then  full  of  oil  :  when  the  blcod  reaches  the  former  level  of  the  oil  in  a, 
the  disc  r  r'  is  tflrned  rapidly  throujrh  two  rijrht  angles,  and  the  blood 
flowing  through  d  into  </'  u;:ain  dicplaees  the  nil  which  is  driven  into  a. 
This  is  repeated  several  tinjrs,  an«i  thr  duratinn  of  the  cxjwriment  noteii. 
The  capacity  of  tt  and  n'  is  known  :  the  diameier  of  the  artery  also 
known  by  its  corivs|)<indin«:  with  tlie  cannuhe  <f  known  diameter. and  as 
the  number  of  tin)es  a  has  l>een  filled  in  a  given  time  is  known,  the  velocity 
of  the  current  nm  \h^.  calculated. 

Chauveau's  Dromotjmph  (fig.  252)  consists  of  a  thin  brass  tube,  «,  in  one 
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side  of  which  It  a  amall  perforation  closed  by  thin  vulcanised  india-rubber. 
Paasing  through  the  nibber  is  a  fine  lever,  one  end  of  which,  slightly  flat- 
tened, extends  into  the  Ivmen  of  the  tube,  while  the  other  moves  over  the 
face  of  a  dial.  The  tube  is  inserted  into  the  interior  of  an  artery,  and 
ligatures'  applied  to  fix  it,  so  that  the  *'  rrloeity  pvUe''  i.e.,  the  chan^  of 
velocity  with  each  heart-beat,  may  be  indicated  by  the  movement  of  the 
outer  extremity  of  the  lever  on  the  face  of  the  dial. 

The  ffamataehameter  of  Vierordt  resembles  in  principle  that  of 
Chanveao. 

The  Htemadromometer  of  Volkmann,  one  of  the  earliest  instruments 
devised  for  this  purpose,  is  simply  a  long  glass  U-tube  of  the  same  calibre  as 
the  artery  under  inyestigstion.    It  is  provided  with  a  stop-cock,  so  that  at  a 
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of  Omuveaa'a  Dromognph.    a,  Brmn  tube  for  introduction  into  the 


artwv,  and  containing  an  faidez-needle,  which  paaeea  through  the  eUatic 

Lhrane  hi  ita  mle.  and  movea  by  the  impulM  of  the  blood  current. 


■oakr,  for  meaaming  the  extent  of  the  oscillations  of  the  needle. 


,  Graduated 


giren  moment  the  blood  can  be  admitted,  and  the  time  that  the  bloof.l  takes 
to  reach  its  other  end  is  observed. 


In  the  Capillaries. — The  microscopic  observations  of  E.  11. 
Weber  and  Valentin  agree  very  closely  as  to  the  rate  of  the 
blood-current  in  the  capillaries  of  the  frog;  and  the  mean  of  their 
estimates  gives  the  velocity  of  the  systeTtiic  capillary  circulation  a1 
about  one  inch  (25  mm.)  per  minute.  The  velocity  in  the  capil- 
laries of  warm-blooded  animals  is  somewhat  greater ;  in  the  dog 
it  is  -j^  to  y^  inch  (-5  to  75  mm.)  a  second.  Tliis  may  seem 
inconsistent  with  the  facts,  which  show  tliat  the  whole  circulation 
is  accomplished  in  less  than  half  a  minute.  But  the  whole  length 
of  capillary  vessels  through  which  any  given  portion  of  bloo<l  has 
to  pass,  probably  docs  not  exceed  from  ^j'^th  to  ^i^^th  of  an  inch 
(•5  mm.);  and  ^erefore  the  time  rei]uired  for  each  quantity  of 
blood  to  traverae  its  own  appointed  portion  of  the  general 
capillary  system  will  scarcely  amount  to  a  second. 

In  ike  VeimM. — ^The  velocity  of  the  blood  is  greater  in  the  veins 
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than  iti  the  capillaries,  but  lees  thau  in  the  arterici :  ihm  f» 
dependi  upoD  the  relative  capai:ities  of  the  arterial  and   venim 
systems.     If  au  accurate  estimate  of  tb©  pruportiouate  arc*ii  <n 
arteriet  and  the  veLns  con*eapoudmg  to  tbem  could  be  maJi.*,  «l 
tnight,  from  the  velocitj  of  the  tirtcrial  current,  calculut«  that  < 
the  venoaa.     A  usual  eatiniato  is,  that  the  capacity  of  iJtkB  ^ro 
is  about  twice  or  three  times  as  great  as  that  of  the  arteries^  i 
that  the  velocity  of  the  blmxl's  motion  is,  therefore,  ationt  iwic 
or  three  times  m  great  in  the  arteries  m  hi   the  veins,  S  iiit'lio 
{ 200  mm.)  a  Beeoud.     T!ie  mte  at  which  the  blood  movas  in  ttK 
veins  giadually  lucreaaes  the  nearer  it  ap].iroachea  the  heart,  Ta 
the  aectional  area  of  the  venous  trnhks,  compured  with  ihttt 
the  i>ninches  opening  into  them,  becomes  gradually  ki»  m  liie" 
triiukB  iidvauce  towards  the  heart, 

0/  the  Circulation  a*  a  wkoU^—Kmi^wg  the  earliest  iuresitigali 
of  the  question  bow  loog  ao  entire  circulation  takes  was  Herin 
He  injected  a  solution  of  potaaaium  ferrocyanide  into  the  cent 
end  of  a  divided  jugular  vein  and  collectetl  the  Uood  either  fr 
the  otlier  end  of  the  same  vein,  or  from  the  c^*rresp>iidiiig  v< 
of  the  other  side.     The  siibitAuce  injiscted   is  one  tbut  mm 
readily  detected  by  a  chemieal  lest  (the  pru^^^ian  blue  rcai^tion] 
Vierordt  improved  this  method  by  collecting  the  blood  as  it  fiow< 
out,  in  a  rotating  disc  divided  itito  a  number  of  compartnient 
The  blood  ivas  tested  in  ettch  compartmont,  and  the  fcrrocyauid 
discovered  in  one  which   in   the  case  of  the  horac  received  lb«" 
blood  about  half  a  miiuite  aftt-r  the  injection   had  been  niade* 
The  ex|>erimeut  ivas  performed  in  a  large  number  of  animals,  mud 
the  following  were  a  few  of  the  results  obtained ; 


In  the  horse 

IP  dog 
„  cat 
„       fowl 


31  seconds* 
16       „ 

S       ii 


At  hmi  sight  tbeae  numbers  show  no  agreement,  but  in 
eaae  it  was  found  that  the  time  occupied  was  27  heart  bi<at&. 
The  dog's  heart,  for  instance,  beata  twice  as  faat  mi  the  liorwe'i 
and  so  the  time  of  tlie  u  a  lire  circulation  only  occupies  half 
much  time. 

Iff  now,  this  is  applied   to  man,    27  heart  beat^  tht  h« 
beating  72  tfmcfi  a  minute,  will  occupy  35*1  seconds;  uud  ttil 
wii«  uutil  recently  taken  as  the  time  of  the  complete  circulatic 
and  from  it  the  following  calculation   was  made ;  2  7  he&rt  bent 
will  propyl  all  the  blood  round  the  body,  so  that  if  we  multiply  27' 


1-3 


KLASTIClXr    OF    THE    VESSBLB, 


259 


oapttcitj  of  the  left  ventricle,  we  obt&in  the  total  amount 
in  the  bodj^ ;  thus  : 

I    1 87 "5    ^   5,062    gnimme^,   which    is    equal    to   about 
^tbirteeath  of  the  body- weig Lit  of  a  tnun  weighing  65  kilo- 

B^e  quaetion,  however,  bag  recently  beea  re- investigated  hy 
IRt  SteW4irt  by  uew  and  improved  methods,  whiuh  have  shown 
lluit  the  time  of  the  cirouiiition  is  about  15  seconds,  tliat  is  con* 
^rftbly  less  than  was  found  by  the  researches  uf  He  ring  and 
JL  The  great  objection  to  the  older  uietbod  ia  the  fact 
ti^morrhage  ia  occurriog  throughout  the  experiment,  and 
I  would  materially  weaken  the  heart  and  slow  down  the  cir* 
The  substance  Stewart  Injects  is  methylene  blue ;  thk 
\  bi  feadlly  detected  through  the  vessel  walla,  and  the  time  of 
ftppeferaooe  noted ;  thia  method  gives  the  same  results  as  a 
complicated  method  involving  the  use  of  a  galvanometer 
viously  adopted  by  the  same  investigator.  Stewart  has 
jilitd  his  method  also  for  determining  tlie  time  OiiCiipied  by  tlie 
of  blood  through  various  districts  of  the  cireulatiou  ; 
the  organs,  for  instance,  he  finds  that  the  circidation 
ugh  the  kidneys  is  slowest 


The  Use  of  the  ELastioity  of  the  Vessels, 

If  i  pump  is  connected  with  a  rigid  tube,  such  as  a  glass  tube, 
I  time  that  a  certain  amount  ia  forced  into  one  end  of  the 
an  eiHctly  e<:iual  quantity  will  he  forced  out  at  the  other 
During  the  intervals  between  the  pumpings,  the  t!ow  will 
If  the  far  end  of  the  tube  is  partially  closed,  the  How 
ill  still  be  intermittent,  only  the  quantity  injected  and  the 
qiiautily  ejected,  though  still  of  equal  volume,  will  be  diminished. 
If  we  etuploy  an  elastic  tube  instead  of  a  rigid  tube,  and  the  end 
m  left  freely  open,  the  flow  will  still  be  intermittent  as  in  the 
mm  of  the  rigid  tube ;  but  if  the  end  of  the  elastic  tube  is 
Dimiwed  by  a  elamp  the  intermittent  flow  will  be  converted  into 
%  more  or  less  perfectly  constant  flow.  Each  stroke  of  the  pump 
forces  a  certain  amount  of  fluid  into  the  tube,  but  owing  to  the 
peripheral  resistance^  it  cannot  all  esc^ipe  at  once,  and  pirt  of 
the  force  of  the  pump  is  spent  in  diste tiding  ttie  walls  of  the  tube. 
This  distemied  eli^tic  tube,  however,  tends  to  eu>pty  itself,  and 
fura»s  out  the  fluid  which  distends  it  before  the  next  stroke  of 
b  pump  takes  place*  One  part  of  the  fluid  ia  therefore  forced 
pt  by  the  immediate  efletst  of   the   pump,  and  another  part  by 

ft  a 
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the  eltistic  recoil  of  the  tube  between  the  strokes.  If  the  rate  d 
the  pump  and  the  distension  of  the  tube  which  it  produooi  t* 
aufiieientljf  greats  the  fluid  forced  out  between  the  strokes  will 
be  equal  to  that  enteriug  at  each  stroke  and  thus  the  outfiow 
becomes  continuous. 

Let  us  now  apply  this  to  the  body. 

At  each  beat  the  loft  ventricle  forces  about  three  ounoen  of 
blood  into  the  already  full  arterial  system.  The  arteries  tm 
elastic  tubes,  and  the  amount  of  elaatic  tissue  is  greatest  in  the 
large  arteries.  The  lii-st  efTect  of  the  estm  three  ounce*  is  U> 
distend  the  aort4i  still  further;  the  elastic  recoil  of  the  waIIa 
drives  on  another  portion  of  blood  which  distends  the  next  sectimi 
of  the  arterial  wall,  and  this  wave  of  distension  is  tnmsiiiitted 
along  the  arteries  with  graduaEy  diminishing  force  as  the  total 
artei-ial  stream  becomes  larger.  This  wave  constitutes  the  f^uW 
Between  the  strokes  of  the  pumpi  or,  in  other  words,  during 
periods  of  diastole,  the  arteries  tend  to  return  to  their  original 
and  so  drive  the  blood  on.  The  flow,  therefore,  does  not 
during  tiie  heart's  inactivityj  so  that  although  the  force  of  the  hi 
is  an  intermittent  one,  the  flow  through  the  capillarieB  and  the  veins 
beyond  is  a  constant  one,  all  trace  of  the  pulse  having  disap- 
peured.  The  peripheral  resistance  which  keeps  up  the  blood- 
pressure  in  the  arteries,  and  like  the  clamp  on  our  india-nibber 
tube,  assists  in  the  conversion  of  the  intermittent  into  a  continu- 
ous stream,  is  to  be  found  in  the  arterioles  or  small  arteries,  just 
before  the  blood  passes  into  what  we  may  torm  the  vast  capiUar|' 
lake.  These  small  arteries  with  their  relati%*e  excess  of  muscul 
tissue,  which  in  health  is  always  in  a  tonic  state  of  modeni! 
contraction,  play  the  part  of  a  multitudinous  system  of  stoj 
cocks. 

The  large  arteries  contain  a  considerable  amouut  of  muscular 
as  well  as  elastic  tissue.  This  cooperates  with  the  elastic  tissue 
in  adapting  the  calibre  of  the  vessels  to  the  quantity  of  blood 
they  contain.  For  the  amount  of  blood  in  the  vessels  is  never 
quite  constant,  and  were  elastic  tissne  only  present,  the  pressu 
exercised  by  the  walls  of  the  containing  vessels  on  the  contaim 
blood  would  be  sometimes  very  small^  sometinies  too  greats  The 
presence  of  a  contractile  element,  however,  provides  for  a  certain 
uiiiiormity  in  the  amount  of  pressure  exerciacd.  Tliere  is  no 
reason  to  suppose  that  the  muscular  coat  assists  in  proi>e[litig 
the  onward  current  of  blood,  except  in  virtue  of  the  fact  tliat 
mnseuiar  tissue  is  elaatic,  and  therefore  ooKjpemtes  in  the  larg€ 
arturies  with  the  elastic  tissue  in  keeping  up  the  coiiatftnt 
the  waj  alnmdy  described. 
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The  oontractilitj  of  the  arterial  walls  fulfils  a  useful  purpose 
in  checking  heomorrhage  should  a  small  vessel  be  cut  as  it  assists 
in  the  closure  of  the  cut  end,  and  this  in  ecu  junction  with  the 
coagulation  of  the  blood  arrests  the  escape  of  blood. 


The  Pulse. 

This  is  the  most  characteristic  feature  of  the  arterial  flow.  It 
is  a  wave  of  expansion  which  travels  along  the  arteries  duo  to  the 
propulsion  of  the  contents  of  the  left  ventricle  into  the  already 
full  arterial  system.  The  more  distant  the  artery  from  the  heart, 
the  longer  is  the  interval  that  elapses  between  the  ventricular 
beat  and  the  arrival  of  the  pulse.  Thus  it  is  felt  in  the  carotid 
earlier  than  in  the  radial  artery,  and  it  is  still  later  in  the  dorsal 
artery  of  the  foot.  The  difference  of  time  is,  however,  very 
slight ;  it  is  only  a  minute  fraction  of  a  second ;  for  a  distinction 
must  be  drawn  between  the  propagation  of  the  pulse  and  the  rate 
of  blood  flow  in  the  arteries ;  the  wave  travels  at  the  rate  of  from 
5  to  10  metres  a  second,  that  is  twenty  or  thirty  times  the  rate 
of  the  blood  current.  The  pulse  may  be  compared  to  a  wave 
produced  by  the  wind  travellhig  rapidly  down  a  sluggishly-flowing 


A  physician  usually  feels  the  pulse  in  the  radial  artery,  siuce 
this  is  near  the  surface,  and  supported  by  bone.  It  is  a  most 
valuable  indication  of  the  condition  of  the  patient's  heart  and 
vessels.  It  is  necessary  in  feeling  a  pulse  to  note  the  following 
points : — 

1.  lU  frtqueney  ;  that  is  the  number  of  pulse  beats  per  minute. 

This  gives  the  rate  of  the  heart  beats. 

2.  lU  length  ;  that  is  how  long  a  time  each  pulse-beat  occupies. 

3.  Its  strength ;  whether  it  is  a  strong,  bounding  pulse,  or  a 

feeble  beat ;  this  indicates  the  force  with  which  the  heart 
is  beating. 

4.  Its  regvkurity  or  irregularity  ;  irregularity  may  occur  owing 

to  irregular  cardiac  action  either  in  force  or  in  rhythm. 

5.  Its  tension;  that  is  the  force  necessaiy  to  obliterate  it.   This 

gives  an  indication  of  the  state  of  the  arterial  walls  and 
the  peripheral  resistance. 

In  disease  there  are  certain  variations  in  the  pulse,  of  which  we 
shall  mention  only  two;  namely,  the  intermittent  pulse,  due  to  the 
heart  missing  a  beat  every  now  and  then ;  and  the  water  hammer 
pulse,  due  either  to  aortic  regurgitation  or  to  a  loss  of  elasticity 
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of  the  arterial  walla  ;   either  of  tbese  eircumstaneee  dlmh^bA 

the  on  ward  flow  of  blood  duriug  the  heart's  diastole,  and  tbtti 
the  Buddeuiiess  of  the  impact  of  the  blood  on  the  arterial  wall 


Fiiir.  35J.-Miin>|r'«  Spb]rgRiO{rT«|»h.  nu^diUrd  t>F  ll«?] 


duriti)!  BjBtole  is  iucreaBed.  When  this  condition  is  dne  W 
arterial  disease,  snch  aa  atheroma  or  calcification,  this  suddc 
pidse  combined  with  the  increased  brittleness  of  the  arteries  m^i 
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lead  to  rupture  of  the  wallsi  and  this  is  especiallj  serious  If 
occurs  ill  the  arteries  of  the  brain  (one  cause  of  apoplexy). 

In  order  to  study  the  pulso  more  fiillj^  it  is  necessary  to  obt 
a  graphic  record  of  the  pulse-beat,  and  this  is  aecompltshed  l>; 
the  use  of  an  ins t rumen t  called  the  aphygmograph,  Thh 
instrument  eonaiata  of  a  series  of  levers,  at  oue  end  of  which  is  a 
button  placed  over  the  artery ;  the  other  end  is  provided  witJi 
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a  writing  point  to  inscribe  the  magnified  record  of  the  arterial 

PmoTemeut  on  a  travelling  surface. 
The  instruments  most  frequently  used  are  those  of  Mtirey,  one 


of  the  numerous  modifications  of  which  is  represented  iti  figures 
153.  254,  and  255,  and  of  Dudgeon  (fig,  256). 
Each  instrument  \h  provided  with  an  arrangement  hy  which  the 


Hmeii 


-Budgeoti'B  Spfif  gTQfJigrc^h.  The  dotpted  cmtUtii!  repreflmtA  tb«  pleee  of  bLnckcDed 
paper  oti  which  the  nplijrgiiingTam  iit  written. 


lire  can  be  a<3 justed  so  as  to  obtain  the  best  record.     The 
irement  of  the  pressure  is,  however,  rongli,  and  both  inst  ni- 
tnents  have  the  diaad vantage  of  giving  osciJktions  of  their  own 
to  the  ephygmogram ;  this  is  specially  noticeable  in  Dndgeon*B 
ijgmograph-     But  these  defects  may  be  overcome  by  the  use 
anme  form  of  sphygmometer.    (Sec  later,  p.  288,) 
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Fig.  257  represents  a  typical  sphygmographic  tracing  obuioid 
from  the   mJial  tirtery.      It  cxjtiaists  of  an  upstroko  due  la  ' 
ejrpiiusiou  of  the  aitery,  and    a   downstroke  due  to   ita  retrAc- 
tiou.     The  deauont  is  more  gnudual  tLaii  tho  upstruke^  Ij<xtw*^ 
the   elaatio   recoil  acta  more  coiistaDtlj  and  tteadily  tlijui  lb 
heart-beat      On  the  descent  are  several  secondary   (kataciolit? 
elevationa. 

A  is  the  prinmry,  or  percussion  wave ;  C  ta  tlie  prenlkrotk  o 
iif/al  wave  ]  D  is  the  dicrotic  wave,  and  E  the  post^kroik  wavi 
and  of  these  there  may  be  several.     In   some  easiss  there  ii 
secondary  wave  on   the  upstroke,  which   is  called  an 
wave  (fig.  258). 

These  various  secondary  waves  have  received  different  ini 
pret&tions,  but  the  best  way  of  explaining  them  ii  derived  fron 

ni formation  obtained  by  t*k  -- 
ing  simultaneous  ttaciu^  ^ 
the  pulse,  aortic  prewi 
apei  heat,  and  intnLventriculi 
presatire,  as  in  the  rese«rchi 
of  Hiirthle,  By  this  mm 
it  \B  fonnd  that  the  prim^iiy 
and  pre-dicrotic  waves  oci*»if 
during  the  systole  of  the 
heart)  and  the  other  wmvm 
during  the  diastole.  Thf 
closui'c  of  the  aortic  vahet 
occurs  just  before  the  dicrotic 
wave.  The  secondary  wave§,  other  than  the  dicrotic  trave,  are 
due  to  the  elastic  tenaioo  of  the  arteries,  and  are  inciBaaed  in 
number  when  the  tenaion  of  the  arteriea  is  greatest ;  the  tauter 
an  elastic  substance  is,  the  more  does  it  tend  to  Ttbmta  under  the 
inQuencd  of  any  fresh  force  suddenly  applied  to  it.  Some  of  the 
post^tcrotic  waves  ore  also  doubtless  instrumental  in  origin.  The 
dicrotio  wave  is  of  different  origin.  It  was  at  one  time  thought 
that  this  wave  was  reflected  from  the  periphery,  but  this  Tiev 
is  at  once  ejccluded  by  the  fact  that  wherever  we  take  the  pulie- 
tracing,  whether  from  the  aorta,  carotid,  radial,  dorsalis  pedis,  or 
elsewhere^  this  aecondary  elevation  is  always  situated  at  the  same 
distance  from  the  beginning  of  the  primary  elevation,  showing  that 
it  is  contrifugalT  travelling  in  the  same  direction  as  the  pritnaij 
wave,  and  having  its  origin  in  the  commencement  of  thB  arterial 
^yatem.  Moreover,  a  single  reflected  wave  from  the  periphery 
would  be  impossible,  as  the  waves  inflected  fiom  one  part  would 
be  interfered   with  by  thooa  from  other  parts;  and  a  reflected 
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w»ve  vould  bo  inereased  by  bi^h  peripheml  resistance,  and  txoi 
dimitushfxi  an  the  dioroLie  wave  is. 

TUv  immsiry  yauiie  4*f  the  dicrotic  wave  m  the  closure  of  the 
»enitlutiiu-  valves*  the  itjflow  uf  the  blood  into  the  aorta  aud- 
deoljf  ceases,  and  the  blood  h  diiven  u|*  ugiiiuiit  the  closed  M>rtie 
dixPHi  by  the  elastic  recoil  of  the  aorta ;  the  wave  rebounds  froiu 
there  and  is  propagated  through  the  arterial  system  as  the 
dicrotic  elevation. 

The  systolic  neoondary  waves,  namely^  the  pre-dl erotic  and  tlie 


Fig.  75^.  ^  Ati«citiLic  pulBt. 

^mnacrotic  when  it  is  present,  are  due  to  elastic  vibratiooB  of 
I  tjbe  aortic  wall  and  perhaps  of  the  heart  wall  itself ;  they  are 
llnereaaed  by  an  increase  in  the  peripheral  resistance. 

In  our  study  of  endo-cardiac  pressure,  we  saw  that  the  systolic 

tmu  sometimes  has  an  ascending,  eometimes  a  descending,  slope 

p*  239);  ^e  now  come  to  the  explanation  of  this  fact     If 


K  r.i\  r^^ 
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^r-  iSQ^^IMeTDtio  poke, 

er  th«  first  sudden  rise  of  pressure  in  the  aorta  the  peripheral 
tesiatance  is  low  and  the  blood  cajQ  escape  more  rapidly  than  it  is 
thrown  in,  the  plateau  will  sink.  If,  on  the  other  hand^  the 
peripheral  resistance  is  high,  the  aortic  pressure  will  rise  as  long 
as  the  blood  ia  flowing  in,  and  we  get  an  ascending  systolic 
pkteau  and  an  ttnacrotic  pulse.  Thus  an  anacrotic  pulse  is  seen 
in  Bright's  disease,  where  the  peripheral  resistance  is  very  high. 

The  production  of  the  dicrotic  wave  is  favoured  by  rclaiation 
of  the  arterioles  when  the  heart  is  beating  forcibly  as  in  fever, 
mad  to  a  certain  extent  after  taking  alcohoh  Such  a  pulse  is 
called  a  dicrotic  pulse  (fig.  259),  and  the  second  beat  can  be 
e&sily  felt  by  the  finger  on  the  radia]  artery. 

The  main  waves  of  a  pulse  tracing  can  be  demonstrated 
without  the  use  of  any  instruments  at  all  by  allowing  the  blood 
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to  apurt  from  a  cut  arterj  on  to  the  stir  face  of  a  pie<^  of 
white  ptiper  travelling  past  it.  We  thus  obtain  what  is  ?efT 
appropriately  called  a  htEi/i-<iuto(fraph  (fig.  360)- 

If  a  long  pulse  tracing  is  taken,  the  eflfeeti 
of  the  respiration  can  be  seen  cauiing  an  in- 
crease of  preeaure,  and  a  slight  acceleration  ol 
the  heart'B  beats  during  inspiration.  This  « 
shall  study  at  greater  length  in  connectiotm 
with  blood-pressnre* 

Th^  Itfit''  li/  PrftpagalHfti  of  the  Pvltr^Wapr^*^! 
method  of  a^ieertniniii}?  thh  may  be  illu*itmted 
thti  use  of  a  long  elastic  tqb^  info  which  fluid  ia  tort  ^ 
by  the  fluddcD  strnke  t>f  a  pamp.  If  a  teH^  of  letei»"" 
are  plac«d  ftlon^  the  tube  at  measured  dltUbce»  tbo«e 
nearest  the  pnmp  will  rwe  fiwt^  tbcwe  fartbevt  f r-  m  it 
last.  If  these  are  arranged  to  writ^  an  a  r^vohinfr 
ej  tinder  under  one  anotbcrt  this  will  be  ihown  gmpht- 
cally,  mild  the  time  interval  b^jtween  their  movemrtit^ 
can  be  mcasurrd  bj  a  time  tracing.  The  same  principle 
ii^  applied  to  the  arteriee  of  the  bodj  ;  a  series  &t 
Marey^i  tambonrs  are  applied  t^i  the  heart  and  to 
yarioup  arteries  at  known  dietances  from  the  heart ;  j 
then  levers  are  arran^Lti  to  writ-c  immediately  niiderl 
one  another,  as  in  %.  ^34.  The  di Terence  in  the  timcl 
f  their  np-strolces  is  meagured  by  a  time  tra/^ing  in  the  uanal  waj. 


^ 


Fig.  t&>.— HiBm^uto- 
fjAph,  to  \jf  tttd 
fmm  right;  ta  UiL 
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Tho  Capillary  Flow, 

When  the  capillary  drtiulatiou  is  examined  in  any  tmnspanMit 
part  of  a  living  animal   by  raeana  of  tlie  niicroscope  (fig,  26}% 

the  blood  in  seen  to  flow  with  a 
coutitjint  equable  motion  ;  the  red 
hi (Xtti 'Corpuscles  move  alongj  mostly 
in  single  file,  and  bend  in  yarious 
ways  to  accommodate  themaelvet 
to  the  tortnon&  course  of  tbc  c»- 
pillary^  but  instantly  recover  their 
normal  outline  on  reaching  m  wider 
vessel. 

At  the  cirfUjnfetTeLee  of  thi* 
stream  in  the  larger  capillaries,  bul 
especially  well  marked  in  the  amall 
arteries  and  veins,  there  is  a  layer 
of  liquor  sanguinis  in  contact  with 
the  walls  of  the  T^sel,  and  adher- 
ing to  them,  whiob  moves  more  slowly  than  the  blood  in  the 
caatre.     The  eziBtiiice  of  this  otill  la jer,  m  it  is  t^rmod,  ia 


Fig.  t^i.— CkpiUjules  (C)  in  th«  w«b 
«if  tbto  frag^i  foot  conoectiof  « 
smUl  artor  (A)  with  «  mui)] 
Tela{V^.  (After  AIUiATliomAOD.) 
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both  from  the  general  fact  that  auch  ao  one  exiBta  in 
tiibea  traverse<i  bj  fluids  and  from  what  can  he  seen  in  wat€h- 
the  movements  cf  the  blood-corpusclea.  Anyone  who  has 
on  a  river  will  know  that  the  ew  if  teat  current  i»  in  the 
Idle  of  the  stream.  The  red  corpnscleB  occupy  the  middle  of 
be  stream  and  moTe  with  comparative  rupidity ;  the  colourleea 
(orj>us*^les  run  nuicb  more  slowly  by  the  walls  of  the  vessel;  while 
lei t  to  the  wall  there  in  a  tmnsparent  space  In  which  the  fluid 
I  at  comparative  rest ;  for  if  any  of  the  corpuscles  happen  to  be 
breed  within  it,  they  moife  more  slowly  than  before,  rolling  lazily 
joug  the  side  of  the  vessel,  and  often  adhering  to  its  walL  Part 
rf  this  slow  movement  of  the  coloiu'lesi  corpuscles  and  their  occa- 
^nal  stoppage  may  be  due  to  their  having  a  uaitiral  tendency  to 
dhera  to  the  walls  of  the  %'essels»  Sometimes^  indeed,  when  the 
lOticu  of  the  blood  is  not  strongj  many  of  the  white  corpviselcs 
illect  in  a  cApiilary  vessel  and  for  a  time  entirely  prevent  the 

e  of  the  red  corpuscles. 
When  the  peripheral  resistance  is  greatly  diminished  by  the 
ilatation  of  the  small  artoriet^,  so  mnch  bli>od  passes  on 
the  arteries  into  the  capillaries  at  each  stroke  of  tije 
that  there  is  not  sufficient  remaining  in  the  arteries  to 
[tend  them,  Tlius,  the  intermittent  current  of  the  ventricular 
itole  is  not  converted  into  a  continuous  stream  by  the  elasticity 
the  arteries  before  tlie  eapillaries  are  readied ;  and  so  intemiit- 
CT  of  the  flow  occurs  both  in  capillaries  and  veins  and  a  pulae 
produced.  The  same  phenomenon  nmy  occur  when  the  arteries 
■me  rigid  from  disease,  and  when  the  beat  of  the  heart  is  so 
Jow  or  so  feeble  that  the  blooci  at  each  cardiac  systole  has  time 
b  PASS  on  to  the  capillaries  before  the  uext  stroke  occurs  j  the 
imotint  of  blood  sent  out  at  each  stroke  being  iuaufficient  to 
iroperly  distend  the  elastic  arteries. 

It  w^as  formerly  supposed  that  the  occurrence  of  any  transuda- 
ion  from  the  interior  of  the  capillaries  into  the  midst  of  the 
lirrounding  tissues  was  confined,  in  the  absence  of  injury,  strictly 
O  the  fluid  part  of  the  blood  ;  in  other  words,  that  the  corpuscles 
not  escape  from  the  circulating  stream,  unless  the  wall 
,e  containing  blood-vessel  was  niptureti.  Angustns  Waller 
rmcd,  in  1846,  that  he  had  seen  blocxl  corpuiseles,  V*oth  red 
id  white,  pass  bodily  through  the  wall  of  the  capillary  vessel  in 
hicb  they  were  conttxined  (thus  confirming  what  had  been  stjited 
short  time  previously  by  Addison) ;  and  that,  as  no  opening 
uld  be  seen  before  their  escape,  so  none  could  be  observed  after- 
rds— so  rapidly  was  the  part  healed.  But  thes^e  oteervations 
id  not  sttrBct  much  notice  until  the  phenomena  of  escape  of  the 
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blood-uorpuaclea  from  the  capillaries  and  minute  veina,  apsirt  from 
mechanical  injury,  were  rediscovered  by  Cobnlieim  ia  1 867*  ^ 

Cohnlicini'H  eipcrimcut,  ilcmonstrnting  the  passsage  of  the  oor-  f 
puscles  through  the  wall  of  the  blood- vews^e!,  ia  f^erformed  in  the 
folio witig  manner :  A  frog  m  curariKcd,  and  the  abdomen  hiiYin;^ 
been  opened  &  portion  of  small  intestine  ia  drawn  out,  and  its 
transparent  mesentery  spread  out  under  a  microscope.     After 
vansiyc  time,  fwcupied  by  dilatation^  following  contraction  of  tbi 
minute  ^^eaaelsand  accompmyipg  quick eniuj 
of  the  blood-strcnm,  there  ensnea  a  retaniu 
tioa  of    the  current,   and    blood-corpuBck«, 
both  red  aud  white,  begin  to  make  their  ww 
thmugli  the  capillaries  and  small  veins. 

Tlie  process  of  dJBpedesifl  of  the  red  cor 
puacles,  which  occurs  under  circunastanceji  01 
impeded  vcuotis  circulation,  and  consequently 
increased  lilood-pregaure>  resembles  clo^ly 
the  migration  of  the  white  ones,  >rith  the 
erceptioji  that  they  are  squeezed  through  the 
wall  of  the  vei^el,  aud  do  not,  Uke  theiii,  work 
tlrcir  way  thnuigh  by  amfsboid  rnovemeut* 

Various  oxplauHtionB  of  these  phenomena 
have  been  suggested.  Some  believe  that 
paeudo-stoiuHta  between  contigtious  endothe- 
lial cells  provide  the  means  of  eaeape  for  tli« 
blood-corpuBcles.  But  the  chief  share  in  the 
process  is  to  be  found  in  the  vital  endow- 
meuts  with  respect  to  mobility  aud  contrac- 
tion of  the  parts  coucemed— l>oth  of  ihf 
corpuscles  and  of  the  capllhiry  wail  itself. 

DiapedesiB  or  emigration  of  the  white  cor- 
puscles  occurs  to  a  small  extent  in  hetdth. 
But  it  h  much  incretu^ed  in  iudamnmiiou, 
and  may  go  on  «o  as  to  form  a  large  collection  of  leucsocytes  {%,€, 
white  corpuscles)  out^^jde  the  V^est^els*  Such  a  eolloction  in  cftlted 
an  afjtc^Mf  and  the  corpuscles  are  called  /*itt  corpuscles :  they  m^ 
however,  mostly  dead  leucocytes,  and  show  a  considerable  amount 
of  fatty  degeneration  in  their  j)rntoplaam. 

The  emigration  of  red  corpuscles  is  only  seen  in  iuthimmntion 
and  Is  a  passive  proce^ ;  it  occurs  when  the  holes  made  by  the 
emigra^ting  leucocytes  do  not  close  up  immediately  and  so  the  red 
oorpuaclea  escape  too. 

The  real  meaning  of  the  process  of  inflammjition  is  a  snbjeot 
which  is  being  much  discuns'ed  now,  but  it  may  be  interesting  to 
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Btate  briefly  the  views  of  Metschnikoff,  who  has  in  recent  years 
been  one  of  the  most  prominent  investigators  of  the  subject 
£yen  if  these  views  do  not  represent  the  whole  truth,  it  can 
hardly  be  doubted  that  the  phenomena  described  play  a  very 
important  part  in  the  pmcess.  Mctschnikoff  teaches  that  the 
vascular  phenomena  of  inflammation  have  for  their  object  an 
increase  in  the  emigration  of  leucocytes,  which  have  the  power  of 
devouring  the  irritant  substance,  and  removing  the  lissues  killed 
by  the  lesion.  They  are  therefore  called  ^hiigocytes  (devouring 
or  scavenging  corpuscles).  It  may  be  that  the  microbic  hilluence, 
or  the  influence  of  the  chemical  poisons  they  produce,  is  too 
powerful  for  the  leucocytes ;  then  they  are  de8tn)yed  and  the 
dead  leucocytes  become  pus  corpuscles ;  but  if  the  leucocytes  are 
successful  in  destroying  the  foreign  body,  micro-organisms,  and 
disintegi-ated  tissues,  they  disappear,  wandering  back  to  the  blood- 
vessels, and  the  lost  tissue  is  replaced  by  a  regeneration  of  the 
surrounding  tissues. 

The  circulation  through  the  capillaries  umst,  of  necessity,  be 
largely  influenced  by  that  which  occurs  in  the  vessels  on  either 
side  of  them  in  the  arteries  or  the  veins;  their  intermediate 
position  causes  them  to  feel  at  once  any  alteration  in  the  size, 
nte^  or  pressure  of  the  arterial  or  venous  blood-stream.  Thus,  the 
upparent  contraction  of  the  capillaries,  on  the  application  of  certain 
irritating  substances,  and  during  fear,  and  their  dilatation  in  blush- 
ing, may  be  referred  primarily  to  the  action  of  the  small  arteries. 

The  Venous  Plow. 

The  blood-current  in  the  veins  is  maintained  (a)  primarily  by 
the  vis  a  tergo,  that  is,  the  force  beiiind,  whicli  is  the  blood 
pressure  transmitted  from  the  heart  and  arteries ;  but  very 
effectual  assistance  to  the  flow  is  afforded  (b)  by  the  action  of  the 
muscles  capable  of  pressing  on  the  veins  with  valves,  as  well  as 
(c)  by  the  suction  action  of  tiie  heart,  and  the  aspiratory  action 
of  the  thorax  (yi$  afrontf). 

The  efiect  of  muscular  pressure  upon  the  circulation  may  be 
thus  explained.  When  pressure  is  applied  to  any  part  of  a  vein 
and  the  current  of  blood  in  it  is  obstructed,  the  portion  behind 
the  seat  of  pressure  becomes  swollen  and  distended  as  far  back 
as  the  next  pair  of  valves,  which  are  in  consequence  closed 
(fig.  214,  B,  p.  210).  Thus,  whatever  force  is  exercised  by  the 
pressure  of  the  muscles  on  the  veins,  is  distributed  partly  in  j)reH8- 
ing  the  blood  onwards  in  the  proper  course  of  the  circulation,  and 
partly  in  pressing  it  backwards  and  closing  the  valves  behind. 
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Tho  circulation  migbt  loue  as  miioh  as  it  gains  bj  sueh  ftn 
action,  if  it  were  not  for  tha  numerous  communicatious  which 
the  veins  make  with  one  another ;  through  these,  the  closing  up 
of  the  venous  channel  bj  the  backward  preasnre  is  prevented 
from  being  any  serioiia  Jiindrancc  to  the  circulation,  since  the 
blood,  of  which  the  onward  course  js  arrested  by  the  closed 
valves,  can  at  once  pass  through  eoiuc  anjistomosing  channel,  an4 
proceed  on  its  way  bj  another  vein,  Tbns,  the  effect  of  muscuW 
pressure  upon  veins  which  have  valves,  b  turned  almost  eutirelj 
to  the  advautage  of  the  circulation ;  the  pressure  of  the  hloiid 
onwards  is  all  advantageous,  and  tlie  pressure  of  the  blood  back- 
wards  is  prevented  from  being  a  hhidrauce  by  the  closure  of  the 
valves  and  the  anastomoses  of  the  veins. 

In  the  web  of  the  bat's  wing,  tho  veins  are  furnishe^l  with 
valves,  and  possess  the  remarkable  pn^vperty  of  rht/tkmi^ni  €im* 
traction  atui  dilatatiojij  whereby  the  current  of  blixwl  within 
them  is  distinctly  iu-celerated  (Wharton  Jones).  The  contraction 
occurs,  on  an  average^  about  ten  times  m  a  minute;  tho  existeDce 
of  valves  prevents  regurgitation,  so  the  entire  effect  of  the  cou* 
tractions  is  an  miliary  to  the  onward  current  of  blood.  Analogoos 
phenomena  have  been  observed  in  other  animals.  m 

A  venous  pulse  is  observed  under  the  c<.tniiitions  previously  ^ 
described  (p.   267)  when  the  arterioles  are  dilated  so  that  thi 
arterial  puUc  pa^sscs  through  the  capillaries  to  the  veins, 

A  venous  pulse  is  also  seen  in  the  superior  and  inferior  vena 
iMYB,  near  to  their  entmnce  into  the  heart ;  this  correai>onds  lo 
variations  of  the  pressure  in  the  right  auricle.  When  the 
ventricle  is  contracting  there  is  a  slow  rise  due  to  the  fact  that 
the  blood  cjumot  get  into  the  ventricle  and  so  distends  the 
auriuUi ;  a  second  short  sharp  elevation  of  presgure  is  pnxlnced  by 
the  auricular  systole.  Alterations  of  venous  pressure  are  also 
produced  in  the  great  veins  by  the  respiratory  movemeuta,  tht 
presiure  Binking  during  inspiration,  and  rising  during  expiimtipnt 

Loeai  Fee uliari ties  of  the  Circulation. 

The  most  remarkable  jKJculiarities  attending  the  circulation  rrf 
blood  thrtnsgli  diflfercnt  organs  are  obeerved  in  the  cases  of  the 
brainy  t^}*ectlif^  f/TjjNwii,  ^um/s^  livrj\  ipUeUt  and  kidnt^t. 

In  the  Bniin. — -The  brain  must  always  be  su];plied  with  blood, 
for  otherwise  immediate  loss  of  consciousnesu  would  follow*. 
Hence,  to  render  accidental  obliteration  almost  impossible,  four 
lai^ge  arteries  are  supfjiied  to  the  brain,  and  these  anasLomose 
together  in  the  circle  of  Willis.     The  two  vertebral  ^ttarics  nrei 
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FDoreover,  pruteeted  iu  bony  ciiuaU.     Two  of  the  brain  arteriea 

c^ui   be   tied  in  monkey's,  t^nd   three   or  even  all   four   in   dogs 

without  the  pi^od action  of  serioue  aymptoms.      In  the  last  case 

«tic»igh   blfXMJ  reueheB  the  hmin  hy  branches  frona  the  superior 

iiitt?rt3oiitai  arteriea   to  the  anterior  apinul  artery*     The  sudden 

oUitenttion   of  one  carotid  artery  in  nnin  may  in   some  easea 

pnxiiice    epileptiform    spasms ;   the    sudden    oceliifiion    of    both 

y4>ti3i»it>tia  loeis  of  coaaciousncsa.     Uniformity  of  supply  is  further 

ensured  by  the  arrangement  of  the  ve&sels  in  the  pin  mater,  in 

whieU,   previoiiB  to  their  distribution   to  tlie  snlmttuice   of  the 

hniin^  the  hirge  arteries  break  np  and  divide  into  innnmemble 

miitute    branches    ending    iu    capillaries,   which,    after    frequent 

commmiicatbn  with  one  auotiier,  enter  the  brain  and  carry  iuto 

tidftrij  e?ery  part  of  tt  utilfortu  and  equable  streams  of  blood. 

Tbe  arteries  are  enveloped  in  a  ipecial   lymphatic  aheath.     The 

arrangement  of  the  veins  witijin   the  eraniura  ib  also  pec n liar* 

The  large  veuouB  trnnks  or  sinuses  are  fD^ue^l  so  as  to  be  scarcely 

OApable  of  change  of  size ;  and    oonvj>ose*l,   as  they  are,    of   the 

tough  tij*«uc  of  the  dtira  mater,  and,  in  some  instances^  bounded 

eti  one  s*ide  bj  the  Itony  cranium,  they  are  not  compressible  by 

my  force  which  the  fulness  of  the  arteries  might  exercise  through 

the  isniMtanee  of  the  brain  ;  nor  do  they  admit  of  distension  when 

ibii  fli>w  of  venous  blood  from  the  brain  is  obstructed.     No  valves 

jire  placed  between  the  vertebral  veins  and  the  vena  cava ;  the 

Tortehnd  veins  anastomose  with  the  cerebral  sinuses.     Hence  on 

twjueeaiug  the  thorax  and  abdomen,  venous  blood  can  be  pressed 

from  those  parts  out  of  any  opening  made  into  the  longitudinal 

'  mmu.     Expiration  acta  in  the  same  way  ;  it  raises  the  cerebral 

venous  pressure ;   if  the  skull  wall  is  defective  the  brain  expands 

owing  to  the  distension  of  its  capillaries  during  the  expiratory  act, 

Th*?  exjK)i*ed  brain  also  es:|winds  with  each  systole  of  the  heart, 

<*wiiig  to  the   fact  that  the  hmin  lies  enclosed  in  the  craninm, 

the  arterial  pulse  is  imnsinitted  through  the  brain  substtuice  to 

l/ie  cerebral  \'eins  and  so  the  blood  issues  frt>m  these  in  pulses, 

*Siuce  the  hmin  is  enclosetl  in  the  rigid  cranium  the  volume  of 
Mood  in  tlie  cercbnd  vessels  cjinnot  alter  unless  the  volume  of 
the  other  cranial  contents  alter  in  the  opposite  sense. 

These  conditions  of  the  brain  and  skull  led  Monro  and  K  el  lie 
^^'^ny  years  ago  to  advance  the  opinion  that  the  quantity  of  blood 
'^  tlie  brain  must  be  the  same  at  all  times.  This  doctrine  litis 
^*c^ii  frecpiently  disputed,  and  many  have  advanced  the  theoi-^^ 
Ihat  incre*ise  or  diiniuution  of  the  blocxl  is  accompitnied  with 
stmultaneona  diminution  or  increase  of  the  cerebro-sjjinal  fluid, 
•^  that  the  contents  of  the  cranium  are  kept  muforra  in  volumeij 
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But  the  recent  work  of  Leonard  Hill*  has  shown  that  the  Monro- 
Kellie  doctrine  is  true.  Histological  evidence  has  recentlj  been 
obtained  of  the  existence  of  nerve  plexuses  round  the  pial  arteries. 
The  arteries  are  muscular,  and  the  nerves  therefore  are  most 
probably  vaso-motor  in  function.  Experimental  evidence  so  far, 
however,  has  not  established  the  action  of  these  nerves;  the 
cerebral  circulation  passively  follows  the  slightest  changes  in 
aortic  and,  more  especially,  vena  cava  pressure,  and  no  active 
vaso-motor  change  has  been  conclusively  proved.  The  velocity 
of  blood -flow  through  the  brain  is  thus  influenced  markedly  by 
the  condition  of  the  vessels  of  the  splanchnic  area.  If  the  tone 
of  the  skeletal  muscles  and  that  of  the  vessels  be  suddenly 
inhibited  by  fear,  or  tem{)orarily  destroyed  by  shock,  the  blood 
will  drop  owing  to  its  weight  into  the  dilated  and  supported 
vessels  in  the  most  dependent  j)arts  of  the  body.  The  flow  of 
blood  through  the  brain  will,  under  these  conditions,  cease,  that 
is  to  say,  so  long  as  the  body  is  in  the  erect  posture.  Thus, 
to  restore  a  fainting  person  the  head  must  be  lowered  between 
the  knees.  Muscular  exercise,  by  retuniing  blood  to  the  heart 
from  the  veins  of  the  lower  parts  of  the  body,  conduces  to  the 
maintenance  of  an  efficient  cerebral  circulation. 

It  is  not  the  volume  of  the  blood  but  the  velocity  of  flow 
which  is  altered  in  the  brain  by  changes  in  the  general  circu- 
lation. The  brain  with  its  circulating  blood  almost  entirely  Alls 
the  cranial  cavity  in  the  living  animal ;  that  is,  there  is  no  more 
cerebro-spinal  fluid  there  than  is  sufficient  to  moisten  the  mem- 
branes. Cerebrospinal  fluid  escai)es  into  the  veins  at  any 
pressure  above  the  cerebral  venous  pressure ;  the  tension  of  this 
fluid  and  the  pressure  in  the  veins  are  therefore  always  the  same 
The  fluid  probably  transudes  from  the  vascular  fringes  of  the 
choroid  plexuses  in  the  ventricles  (»f  the  brain,  and  is  abaorbed 
by  the  pial  veins.  There  is  not  enough  of  this  absorbable  fluid 
present  to  allow  of  more  than  a  slight  increase  of  the  volume 
of  blood  in  the  brain.  If  the  aortic  pressure  rises  and  the  vena 
cava  pressure  remains  consUint  the  conditions  in  the  brain  are  as 
follows : — 

More  1)1o(k1  in  the  arteries,  less  in  the  veins,  increased  velocity 
of  flow. 

While  if  the  aortic  pressure  remains  constant  and  the  vena  cava 
pressure  rises,  tlie  conditions  are  : — 

Less  blood  in  the  arteries,  more  in  the  veins,  dimiDished 
velocity  of  i\n\\. 


*  I  am  much  imlcbtcil  tr>  Mr.  Hill  for  assibtaucc  iu  the  preparation  of 
these  parngnxpha  on  the  cerebral  circulatiou. 
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h^  brtdn   prmsm  AgaiuHt  the  cnLnial   wall   with  a  pressure 

a'  to  thut  m  the  cerebra!  capillaries.     A  foreign  body  intro- 

withiti  t  lie  cranium,  such  as  a  blood-clot  or  depressed  bone, 

inc(%  local  unteniia  of  the  bmin,  bj  occupying  the  room  of  the 

ti'i  soon  (kA  tlie  capillaries  are  thus  obliterated  the  pressure  is 

llo  arterial  presaure.    'rhis  local  increase  of  cerebral  teiiaion 

piiot  htf  trHiiamitl^d  by  the  eerebro-^piual  fluid,  because  this 

,  cftu  never  V>e  retained  in  the  meningeal  spaces  at  a  tension 

timn    iliat  of  the   cerebral    veins,   but    is    imme<liately 

The   anatomical    arrange  tiieuta    of    the    ten  tori  tnii 

^'k'lU  iitid    the    falciform    liganietit^    are  such   ai§   to    largely 

pvent  the  transmisijion  through  the  brain  substance  of  a  local 

rt*ase  of  pressure.      There  m  complete  pressure  discciutinuity 

(tweeii  the  cranial  and  vertebral  cavities.     The  serious  results 

it  ujHow  cerebral  compression  are  primarily  due  to  obliteration 

I  the  hkK)d*veaselSj  and  consequent  ana?nna  of  the  brain.    A  very 

^1  foreign  h*ody  will,  if  situated  in  the  region  of  the  spiual 

Hlb,  finxluce   the  gravest  aymptoms.      Fur  the  ceutres  which 

olrul  the  vascular  and  respiratory  syatemi  are  rendered  ansemic 

The  cerebral  hemispheres  may,  on  the  other  hand^  be 

to  a  large  extent  without  causing  a  fatal  result     The 

jtmptoma  of  compression  arise  so  soon  as  any  locid  increase 

■ure  is  tmnsmitteil  to  the  spinal  bulb  and  enuses  aniemia 

h  Errehle  Struetwrf^.—TUe  instances  of  greatest  variation  in 

hb  quftiitity  of  blood  coutaiued,  at  difTereut  times,  in  the  same 

rpui,  arc   found  in  certain  struettjres  whicli,  under  ordinary 

^cumRtauces,  are  soft  and  Haceid,  but,  at  certain  times,  receive  an 

ttnusuallr  large  quantity  of  blood,  become  distended  and  swollen 

hr  it,  ttuil  pass   into  the  state  which   has  beeti   termed  rrretion. 

Ssucli  stnicturea  are  tiic  corpora  eavernom  and  corpus  niiftrnfumtvi 

.of  the  penis  in  the  male,  and  the  ciitrtrts  in  the  female ;  and,  to 

■ft  less  degree,  the  nipple  of  the  mamumry  gland  in  both  sexes. 

■Tbt  (Xjrpus  eavemosum  penis,  which  is  the  best  example  of  an 

Bircctile  strncture,  has  an  extenml  fibrous  membrane  or  sheath  ; 

riind  frnrn  the  inner  surface  of  the  latter  are  pn7longed  numerous 

fine  lamelliD  which  divide  its  cavity  into  small   compartment?. 

Widiiu  these  is  situated  the   [plexus   of   veins   upon    which    the 

pctuhur  erectile  property  of  the  organ  mainly  depends.      It  con- 

iigti^  of  short  veins  which  very  closely   interlace  and  anastomose 

pith  each  other  in  all  directions,  and  admit  of  great  variations 

f  diA,  oollapshig  in  the  passive  state  of  the  orgrui,  but  capable  of 

!  ftmountof  dilatation  which  exceeds  beyond  comparison  that  of 

I  arteriei  and  veins  which  convey  the  blood  to  and  from  them, 

T 
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The  strong  fibrous  tissue  lying  in  the  interyals  of  the  Tenoni 
plcxiisei,  and  the  external  fibrous  membrane  or  sheath  with  which 
it  is  coiHiected,  hmit  the  distension  of  the  vesaels,  and  during  the 
state  of  erection,  give  to  the  penis  its  condition  of  tension  sod 
firmness.  The  same  general  condition  of  vessels  exists  in  the 
corpus  spongiosum  urethra),  but  around  the  urethra  the  fibrou 
tissue  is  much  weaker  than  around  the  body  of  the  penis,  sod 
around  the  glans  there  is  none.  The  venous  blood  is  returned 
from  the  plexuses  by  comparatively  small  veins.  For  all  tlieie 
veins  one  condition  is  the  same  :  namely,  that  they  arc  liable  to 
the  pressure  of  muscles  when  they  leave  the  penis.  The  muscleR 
eliiefly  concerned  in  this  action  are  the  erector  penis  and  aocelerstor 
urina\  Erection  results  from  the  distension  of  the  venous  plcxiiiei 
with  bl(M)d.  The  principal  exciting  cause  in  the  erection  of  the 
penis  is  nervous  irritation,  originating  in  the  part  itself,  and  deri?ed 
rcflcxly  from  tiie  brain  and  spinal  cord.  The  nervous  influenoe 
is  communicated  to  the  penis  by  the  pudic  nerves,  which  ramiiy 
in  its  vascular  tissue ;  and  after  their  division  the  penis  is  no 
Innjxer  caj)al)le  of  erection. 

I'^ection  is  not  complete,  nor  maintained  for  any  time  except 
when,  together  with  the  influx  of  blood,  the  muscles  mentioned 
contract,  and  by  compressing  tlie  veins,  stop  the  efflux  of  blood, 
or  prevent  it  from  lH>in«r  as  j^reat  as  the  influx. 

The  chciilatioii  In  the  Lniuf^,  Lire}',  Spleen  ami  Kilneyx  will  be 
described  in  our  study  of  those  organs. 

Blood-pressure. 

The  circulation   of    the   blood   depends  on    the    existence    of 
dirteront  dejrreos  of  pressure  in  different  |)art8  of  the  cipcnlatory 


BP 


\ 


LV  AC  _ 

RA 

FiJf.  -^6  ?.— TIcijfht  of  lilfKxl-prtiwnre  (in-i  in  i.v,  left  ventricle,    a,  arteriM j  c,  rtt] 
V,  veinM ;  ka  ,  right  uaricle ;  <x>,  line  of  no  preiwure.    (After  Staninir.} 

system  ;  there  is  a  diminuti<m  of  pressure  from  the  heart  onwi».^"^ 
through  arteries,  capillaries,  and  veins,  back  to  the  heart  agairw- 

V\^.    263    represents  rou;j:hly  the  fall  of    pressure  along    ^'^ 
svstomic  vascular  svstem. 
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It  falls  slowly  in  the  great  arteries ;  at  the  eud  of  the  arterial 
STStem  it  falls  suddenly  and  extensively  just  beyond  the  resistance 
of  the  arterioles ;  it  again  falls  gradually  through  the  capillaries 
and  yeins  till  in  the  large  veins  near  the  heart  it  is  negative. 
Such  a  diagram  of  blood-pressure  is  thus  very  different  from  one 
of  velocity ;  the  velocity  like  the  pressure  falls  from  the  arteries 
to  the  oapillaries,  but  unlike  it,  rises  again  in  the  veins. 

We  must  now  study  the  methods  by  which  blood-pressure  is 
measured  and  recorded,  and  the  main  causes  that  produce  varia- 
tions in  its  amoimt. 

In  order  to  do  this  in  the  simplest  way,  it  will  bo  first  neces- 
snrj  to  inquire  how  we  may  measure  pressure  in  an  artificial 
schema  of  the  circulation. 


Fig.  164.— Schema  to  iUuttrate  blood-preiwure. 

^ake  the  simplest  possible  case  of  a  fluid  flowing  from  0 
'^^rvoir,  R  (fig,  264),  along  a  tube,  which  we  will  imagine  is 
^^^^  at  the  other  end. 

**^  the  course  of  the  tube  we  will  8upjM>8c  three  upright  glass 

?**^«s  (A,  B,  and  D)  are  inserted  at  equal  distances.     Between 

^^d  D  there  is  a  bladder,  which  may  be  divided  into  a  number 

,     channels  by  packing  it  with  tow  to  represent  the  capillaries,  and 

.^^een  B  and  C,  a  clip  E,  which  can  be  tightened  or  loosened  at 

^^\  and  which  will  roughly  represent  the  peripheral  resistance 

^^^uced  by  the  constricted  arterioles.    The  far  end  of  the  tube  is 

^^^'^ided  with  a  stop-cock.     If  this  stop-cock  is  closed  there  will 

T^^Urally  be  no  flow  of  fluid,  and  the  fluid  will  rise  to  equal  heights 

^^^^ted  by  the  dotted  line  in  all  the  upright  tubes.    This  shows 
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that  tbt5  pr unsure  in  nil  piirtss  of  the  tube  is  the  saiuo.    I'ho  upji^li 
tubers  uhieh  measure  the  lateral  pressure  exerted  by  the  Oiiid  on 
wall  of  the  maiu  tube  are  called  munom^ert  or  pttuurr  mj^aufi 
The  lateml  pressure  of  a  fluid  is  equal  to  the  forvi-ard  presstirt, 

If  now  the  slop-cook  m  opened,  the  fiiud  flowa  on  aceouot  i*f 
the  differenco  of  pressure  brought  aljout  by  gravitation  ;  tbc 
height  of  the  fluid  iu  the  manometers  indicates  that  the  prMsii 
is  greatest  iu  K,  lesa  iu  A,  leas  atill  iu  B,  and  least  of  all  in  D. 

On  account  of  the  peripheral  resistance  of  the  arteriole  ai 
capillariesj  tlie  pressure  i&  very  small  in  the  veins  as  indicated 
the  height  of  the  fluid  in  the  nmuometer    D.     The  difl'i 
betweeti    1)  and    H   ia   much    more  marked  than  the  dilf< 
between  11  and  A.     If  the  fluid  whieh  flows  out  of  the  end  of 
tube  is  collected  in  a  jug  aud  potu^ed  back  into  R  we  tx}mpli 
the  circulation.     But  the  schema  is  au  extremelj  rough  onei, 
is  especially  faulty  iu  that  the  pressure  which  starts  at  K  h  neai 
constant  and  not  intermittent.     This  nmy  be  remedied  liy  \^\ 
11  iu  the  hand^  aud  raising  and  lowering  it  alteniately.     The  tiui 
in  tiie  ruauometers  bobs  up  and  down  with  Qvery  rise  and  fwll 
R :  this  18  least  marked  in  D*     The  greater  and  the  faster 
movement  of  It,  the  greater  is  the  rise  of  arterial  pressure*     Thi 
is  a  rough  illustration  of  the  fact  that  increase  in  the  foroe 
frequency  of  the  heart's  beat  causes  a  rise  of  arterial  presaure 

Agfiin,  if  uvore  fluid  is  poured  into  it,  there  is  a  correspotidiug 
rise  in  fluid  iu  the  manometers.  This  illustnites  the  rme  of  pres?<uri* 
protlucetj  by  an  increase  in  the  contents  of  the  viwcular  system* 

Aud  this  sdiema,  rough  though  it  is,  also  ser^'es  to  ilhiati 
the  third  impfirtant  factor  In  the  maintenance  of  the 
pressure,  natiicly^  the  peripheral  resistance.  This  is  dom 
means  of  the  clip  E  ;  if  the  clip  is  tightened,  one  imitates  inci 
coustriction  of  the  arterioles  ;  if  it  is  loosened,  one  indtates  dilata- 
tion of  the  artei'ioles.  If  it  is  closed  entirely,  the  fluid  in  A  and 
B  rises  to  the  same  level  as  that  in  11 ;  the  presaure  of  H  is  not 
felt  at  all  i>y  (■  and  D,  which  empty  themselves,  and  th®  flow 
ceases*  Jf  the  clip  E  is  only  tij?htened  so  a«  not  to  be 
closed,  the  arterial  pressure  (in  A  aud  B)  rises,  and  th© 
pressure  (hi  D)  falls;  if  the  clip  is  freely  o[}eued,  the 
pressure  falls,  and  the  venous  pressure  rises. 

Tlteae  same  fact^i  can  be  den^onstrated  by  a  more  perfect  eircnii 
tion  schema  such  as  is  represented  in  the  nest  diagram  (fig»  265 

The  lieart  ( H )  is  represented  by  a  HigginBon*B  syringe,  which  i 
worked  with  the  hiind ;  the  tube  frtim  it  represents  the  art^Hi 
system,   the   clip   E   the   resistance  of  the  arterioles;   C  is  the 
capillaty  lake,  from  which  the  vein  (larger  than  the  artery)  laadi 
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Ui   the   hefiTt    H.     A   and    B  are   two   inatiomet^fB  which 
ctively  indieate  arterial  and  vuuau^*  preasnres*     Only  i"  place 
^•liujgbt  tulles,  mercurial  niaiiomi^ters  are  ii^ecL      Each  of  the«^e 
i^a   U*tub©  alxmC  half  filled  with  mercury,  iiud  uuite*l  to  the 
ery  or  vein  hj  a  tulje  ccrtitainjng  fluid.     If  the  mercurj  in  the 
limbs  of  the  U  is  at  the  jwuiie  level,  the  pmssure  of  tlie  fluid 
[  cunnection  with  one  limb  is  exat-tly  equal  to  that  exerted  by 
atniospheric  prcsiaure  on  the  tither.     The  moruury,  however, 
ricxl  up  in  the  far  limb  of  the  ruauometer  connected  to  tlie 
fr«  the  pretiEure  there  feeing  greater  than  that  of  the  atmo- 
sphere ;   this  m  therefore  called  ^io»itivi  prti^ure^  aud   the  total 
iiut    of    press urc»    usually    measured    in    millitiietres,   is   the 


Ftf .  >65,^Se!luaDa  of  the  circ^nttDti. 

diffei'^nee  lr)etwecn  the  levels  ft  and  a\  The  manometer  B  attHcliwJ 
the  vein,  however,  indicates  a  nef/aiive  //reg^nre  {6  6'),  that  is, 
.  pnewjure  lm&  than  that  of  the  atnitfcf^pliere,  so  that  the  mercury 
in  the  limb  nearest  the  vein  is  sucked  up. 

Anrlerson  Stuart's  ^pkfftjnw^fop^  (fi^.  266)  m  a  ninch  more 
(S(Mijpk*te  achemiL  It  consists  of  a  long  leaden  tube  filled  witf> 
fluid,  the  two  euda  of  which  are  connected  by  an  india-rubbei' 
lube  ea  which  is  a  valved  syringe  to  represent  the  heart.  On 
the  course  of  the  tube  are  a  large  nnudter  of  open-rriouthetl 
tififiirht  I  nanometers  which  indicate  the  pressure  when  the  syringe 
w  workcnl,  and  confer  on  the  tube  the  oliisticity  necessary  to  c^imc 
the  disappearance  of  the  pulse  in  the  middle  region  which  reprcsentj^ 
tlie mpillarics.  The  long  leaden  tube  is  twiste*!  round  aeylindi-r 
so  thttt  the  manometeni  are  placed  closely  side  by  side. 

Wi*  rjui  now  pass  on  to  the  methods  adopted  in  the  inveatiga- 
Ltiauii  uf  bluod-presiiure  in  animula. 
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The  fact  thnt  the  blood  exerts  conBiderable  pressure  otj  the  artcf 
wallft  maj  be  readily  shown  bj  puncturing  any  artery ;  the  l»l( 
is  propelled  with  great  force  through  the  openitiu^,  and  tlie  jet  li 
to  a  oonsuierable  height. ;  in  the  case  of  a  J4inall  artery,  when- 
preasuro  is  lowers  the  jet  is  not  so  high  as  h\  tv  large  artery ; 
jerky  character  of  the  outflow  due  to  the  interuiittent  actiuti  of 
heart  is  also  seen.  If  a  vein  ia  similarly  injured^  the  bhxxi  in  espel 
with  much  less  force  and  the  flow  ia  continuous-,  not  intennittei]! 

The  fitiit  to  make  an  advance  on  this  very  rough  method 
denionj^t rating  blood-pressure  ^^as  the  Rev,  Stephen   Hales,  Vh 


of  Teddin^i^ion  (17^7).      Me  inBi*rte<l,   uBing  a  goocKHgaiU 
ciynmla,  a  ghim  Ui\m  at  right  angles  U>  the  fenioriil  arteiy 
liorne,  nnd  noted  the  height  to  which  the  blood  rose  in  it* 
IE  a  method  like  that  which  we  uaeil  in  tlic  tirnt  schema  di 
(tig.  364).    The  hhx)d  rose  to  the  height  of  alnitit  8  feet,  i%tii\ 
I'cacheii  it»  higiiewt  [loiut,  it  oscillated  with  the  beart-h 
alno  with  the  respiration  ;  each  inspirntion  causing  a 
o>;)>iration   u    full   of    pressure ;    each   eanlia^  systole  causijig 
Hj nailer  rise,  each  dii^toie  a  amaller  fall     The  method 
Hales  tiicse  [»rimary  truths  in  connection  with  arterial 
but  it  poty^csHC^H  many  disadvantages;  in  the  timt  place  the  ' 
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the  glftBtt  tube  veiy  soon  clots,  and  in  the  second  place 
column  of  Jiquid  eight  feet  high  is  an  inconvenient  one  to 
yk  with. 

The  first  of  these  disadvantages  was  overcome  to  a  great  extent 
'  Vierordt,  who  attached  a  tube  filled  with  saturated  solution  of 
lium  carbonate  to  the  artery,  and  the  blood-pressure  was 
iMured  bj  the  height  of  the  column  of  this  saline  solution 
lich  the  blood  would  support. 

The  second  disadvantage  was  overcome  by  Poiseuille,  who 
tnduced  the  heavy  liquid,  mercury,  as  the  substance  on  which 
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Fig.  167.— Duignun  of  inereiui«l  kymograph. 


;he  blood  exerted  its  pressure  ;  and  the  l- -shaped  mercurial 
aianometer  was  connecteil  to  the  artery  by  a  tube  filled  with 
lodium  carbonate  solution  to  delay  clotting. 

The  study  of  blood-pressure  cannot,  however,  be  considered  to 
li&Te  been  in  a  satisfactory  condition  until  the  introduction  by 
[}arl  Ludwig  of  the  Kymograph  ;  that  is  to  stiy,  Poiseuille's  lunno- 
iymnwineter  was  combined  with  apparatus  for  obtaining  a  graphic 
leconi  of  the  oscillations  of  the  mercury.  1'lie  name  kym<njrnfih 
)r  wavt-wriier  we  shall  see  immediately  is  a  very  suitable  one. 

A  skeleton  sketch  of  the  appanitus  is  given  in  fig.  267. 

The  artery  is  exposed  and  clamped,  so  that  no  ha>morrhage 
Nxnus;  it  is  then  opened  and  a  glass  cannula  is  inseiti'd  and  firmly 


tied  ill.    Tlie  form  of  cauoultt  usually  employed  (Frati^*ols  Fnaiick. 
is  shown  on  &  larger  scale  at  A  ;  the  narrow  part  witJi  the  jilh^Il 
it  is*  tit'd  into  the  ai  tery  toward  a  tlie  hettrt ;  the  cros^  piece  of  i 
T  is  united  to  the  oianometer  ;  the  third  limb  is  i>iiDvjded  witt^ 
Bhort  piece  of  india-rubber  tnhitig  which  ia  kept  cloned  by  ti  <^1^| 
und  only  opened  on  emergencies,  such  as  to  cle^r  oat  a  clot  w^m^B 
a  feather  should  one  form  in  the  cannula  during  the  progreea  ot     .».^ 
experiment. 

The  tube  by  means  of  which   the   cannuJa  is  united   to     %i_^ 
manometer  ia  not  an  elaatie  one,  hnt  ia  mnde  of  fleiible  mi^tnl^        - 


Hie  mcrcurf  wbif'h  ^HLrti&lly  BUh  the  tulic  mjpjHiT  u  a  QikM^  i , .  nf  « |ilrfaii,  '*'^|^c 

Bllin^  the  ttibv  ;  ii  wiie  I4  hiLvA  to  tht  fluAt,  a.t\*}  the  m  •  -r  pen  Ilzc4    '^^f^- 

QBtcd  to  the  m6:inif3r  by  mean*  of  ■  flviibl^  tDt<taJ  tube  Hlhil  vixh  fujil.  ^M 

that  none  of  the  arterial  force  may  be  vaatod  in  expanding?    **" 
The  tulji^,  uftunula  and   proximal  limb   of   the   inanometer     *^ 
all  filled  with  a  imtun<ti'd  solution  of  sodium  carl:»onate,  sod**^ 
sulphiite,  or  other  salt  which  will  mix  with  blooii  and  delaV   ' 
clotting.    Before  the  clip  is  removed  from  the  artery,  the  prvt*^^^ 
m  jir«t  got  up  by  a  uvringe  (or  pressure  ln>ttle  containini^    ^ 
same   saline   solution   suspended    at    a    good    height    above      *' 
apparatus  and  connected  to  it  by  a  tube),  so  that  the  uier*^**  ' 
rises  hi  the  distal   limb  to  a  height  gi^ater  than  that  of 
anticipated  blood -prebsure  ;  this  prevents  bloixl  pasa'ng  intci 
cannula  wlit-n  the  arterial  olip  h  rcmoviMJ, 
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III  ihe  dLital  llmh  of  the  IJ-tiibe,  floating  oii 
kiitereitry,  ig  an  ivory  floaty  from  which  a  lotig 
^upwards,  siid  terminates  m  a  writing  poiuL 
Itiiajr  be  a  stiff  piece  of  parchment  or  a  bristle 
moviug  fiiirfacc  uovored   with  siuoked   pa|>er, 
kept   full  of   ink  which   writes   on  a   long  atr 
mode  to  tnivef  bj  aloekwork  io  front  of  it.     W 
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the  surface  of  the 
Bteel  vvii^'  extends 
The  writing  point 
wbioh  wTites  on  a 
or  a  small  brush 
ip  of  white  paper 
hen  the  two  limbs 


^-wk  lu mogcmc^nt  eii&iiuiLt>d  in  the  boi  (b),  the  iipeed  t 

iair»t«d  br  a.  Hnw  (a),  by  a  fajixtdlp  ■ittiirhe<r  to  it ;  t>,  < 
D«l«r,  wbiob  b  tiiciwn  iin  a  largtii  S43ik  in  fig.  ^f£. 


wiMkt'tl  I J  ft  click- 
ed b»  *i  ran  nbti^ve 
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of  the  mercury  are  at  rest,  the  writing  pctint  hi  scribes  a  base  line  or 
Jibscissa  on  the  travel! in fr  surface  ;  when  the  pressure  h  got  «p  b}* 
the  syringe  it  write:*  a  line  at  aliigher  level.  When  the  arterinl 
clip  ia  reuioved  it  writes  waves  as  sliown  hi  the  fJia^r^itu  (fig*  267), 
the  large  waves  corresponding  to  respiration  (the  jise  of  pressure 
in  most  animals  accompinying  iuspiration),*  tfie  smaller  ones  to  the 

•  TUt?  explanatign  of  tbt^  ivBpimtury  curvts*  on  the  tracing  Is  piTfljjooed 
till  HfUT  we  have  studieil  Resipi ration. 


iiirlividiial  heartr-beat^  Tbe  bkwxl'pressure  iB  matly  twioe^sgraa 
as  that  ihdinttecl  Vjv  the  height  o(  the  tracing  above  the  mJtmmm^ 
bccAiise  if  the  uiaiionieter  h  of  efiiml  bore  throughout,  the  mercwj 
falls  ill  one  Inab  the  mine  distfuice  that  it  rises  in  the  otiier; 


Ki^.  i70.—NoTmm\  tmcLnf ,  rtuEo^whAt  nutfnifljod*  of  uteitaJ  preiaiu?  in  the  mblidt  obtaiii«il 
mtfa  tli«  iin^rcunfLl  K^taoampli.  TEe  smftlllB-  nndulktianfl  eatrempatid  wlCb  the  hittit- 
b^tit,  the  liu^r  dttnntt  wltJi  Ibc  raplimlmy  iiiDTeiB«ntB .     tBurdoa-SuidAfMjn .  ] 

tiie  true  preaaure  being  the  difference  of  level  between  a  aod  a* 
(tig,  267). 

Fig.  268  sliowa  a  more  complete  view  of  the  m&iigineter,  tind 
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LuLr  to  be  riitifit-vtrd  vith  atlefT 
t/,  iiiilAtdi-  |irtiE(^Ure<  irpriP^  ;  g,  jMrrt'-vr  to  lix  un  lltct  upright  i^r  Itie  piipfmrft. 


H^,  269  JH  H  (liu^mm  4if  the  armngemeiit  by  mefiua  of  M'hich  it  tft 
made  into  a  kymograph. 

Fig.  270  »how8  a  typlcftl  normal  urterial  bloo<1 -pressure  tmdug 
Ipn  fi  iHrger  6e!llr^ 


on.  x«.) 


THK    KY»roaRAPH. 


283 


In  taking  a  tmciti^  af  i*mQm  biood-pretmtr^^  the  pressure  is 

itp  low  and  oorn^sprnKk  to  kg  few  inillimt^trea  of  mercury,  tbut  u 

iine  solution  b  u!*ually  employ od  instead  of  mercury.     If  the 

»ei«i    which   k  iiivestigateii   is  near   the   heart,  a  venoua  ptilse 

exhibited  on  the   tmciufXi   wiih  smnJl  witvea  aa  Ix^fore  corre- 

tidiair  to   heait- heats,   and   lartier   waves   to   roBpiratiou,   only 

reufiiTAtory    riae    in    preanure    now    ttcoompitniea    expiration 

Ufim  p,  270). 


Jfig,  *7i*— Fick*»  KvmiKmph*  aniJnived  by  H«Hnit  {after  McKendriek).  a,  buUaw  ■priiQ§- 
lllled  viCb  AJmliot,  bcmiinKr  lercr  armniFPini^nt  ft,  */.  t»  to  whidi  i*  ntttiuhfd  the  mmrker 
*  ;  tiie  iTid  r  pftSM.^  liDwiiwiinlrt  intn  thi'  tul>p  ?;  ciititdiuiOf  caFtor  all,  wliieli  uWem 
rewlMwiiH?  to  t&e  QKflI»ttim«  of  f ;  jf .  iij-riiiifi'  for  tiliiw  the  leaden  tube  ^  with  MtUTstiid 
wcdphitk-  of  ffodium  f^tlution.  t^d  Ui  iippl^r  vtiffldent  prcwure  oi  to  prcrfvnt  the  blood 
fpjDi  pii2i!5ing  intch  tljp  tutjf  A  at  f,  the  tanmilH  inttifTted  iiit»  the  Yfis^ ;  t,dhm' 

ncuj-ktr,  vbicb  *siii  bt  wjiplied  Ui  thf  iMOvinij  itiirfsw  by  turaing  tbp  Hcttiv  «  ;  t,  a 

f**  adjiui^fr  the  whok-  appaTatiiji  to  thf*  oovint?  «iirf&ee ;  o,  acmw  for  ede^PAtinfr  or 
^"~"      in^if  the  K^TTiH  i^rmtjb  by  n  ru^^k-itnd-pinion  !nu?<i>fneiit ;  n,  iwrew  far  adjiUitin{|  Ih^ 
J  ijf  th*  tubf /h 


The  nipillar^  jn^astfr^  m  cstimateil  by  the  amount  of  pree«tire 
iieceiiiijiry  to  bkanch  the  ukiu  ;  t\m  htm  l)een  done  in  animidc!  &nd 
»ifn  (v.  Kries,  Roy  antl  Brown). 

Other  manometers  are  often  f niployed  inutead  of  the  niercurial 
one*  Fick*»  is  one  of  thcKc.  The  hlood-vea^el  i»  t4:inueL'ted  as  before 
^''tU  tJ*e  manometer,  aud   the  pre«»ure  j,'ot  up  hy  the  nae  of  a 
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sjringe  (which  k  seen  in  ^g.  272  fj),  before  ihe  clip  is  remoTtd  f\ 
the  arterj%  The  intinometeT  itself  is  a  hoUaw  C  ah&ped  apriiiu 
filled  with  liquid  ;  this  opens  with  increaaei  and  clofies  witlj 
decrease  of  pre»fiure,  &ud  the  moremeuts  of  the  spring  are  oom 
mnnituited  tn  ^i  k^er  provided  with  11  writing  point. 

Hiirthle's  manometer  (seep.  238)  iwal^ivery  miieh  used.  Th 
adirnnta^e  of  these  fonn^  of  ma  no  meter  is  that  the  diaraotcr  ni 
eaelj  individunl  movement  is  mueh  better  seen ;  in  the  caae  of 
heavy  btpiid  like  mercury  the  inertia  i^  90  great  that  it  caiino 
ciitch  the  iiner  movements  which  we  have  seen  as  seeondair 
vibrations  on  the  pulse  wave.  If  Kick's  or  Hurthle*s  maQomete 
is  cm  ployed  J  and  the  surf  ace  travels  sufficieutly  fast,  tho#e  can  1 
recorded  (see  %.  273)- 


^.  A7j,-^Noniiiii  HJt«u]  t?iuuti|f  oUtaiiiKMl  with  Fttik'A  Ejm/sgniph  tn  the  dn^. 

We  may  now  proceed  to  give  some   rcsnlts.     The  followii 
table  gives  the  probable    average    height   of   blood -pressure 
various  f  art^  of  the  vaacnkr  ayatem  in  man.     They  Imve  be* 
very  largely  in/erred  from  experiments  on  aaimikls : — 

T  i.         /  ^j^  I  +  140  mm*  (aliout  6  inc 

Large  artenea  leM,  carotid)      .  '      ^  ^ 

^  ^  ^  ^  j  mercury* 

Medium  arte  ties  {e.tf.  radial)    .  -f- 

Hapi Maries      .  ,  +  '5  ^  "I" 

Smah  veins  of  arm  ♦         *  + 

PorUd  vein    .  *  ,  ,  + 

Inferior  vena  eava  *  .  + 

Uirge  vcnui  ol  neck  from  o  tf *  — 

(Jslarlingj 

Thetse  pressnres  ate,  however,  subject  to  conEiderahlc  var*^ 
tions  ;     the    principal     factors     that    cause    vanatiou    arc    tl"* 
following  :■ — 

Int*reaMf  at  arfcritif  bkio<l  presto u re  16  prodnued  by 

1.  IntTcasc  ill  the  rate  ami  power  of  the  heurt-l>eut 

2.  Inerea^  in  the  quantity  of  blood  (plethora,  after  a  mtm- ' 

after  Irnubfusion). 

3.  Increase  in  the  contraction  of  tlie  arterioles. 


1 1 0  mm. 

mercury. 

20    „ 

M 

9     »» 

fl 

10     „ 

tl 

.1     » 

tf 

S    .. 

»* 
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in  tlit*  arteftfii  blocxUpresstire  is  producod  by 
Ik'iTease  in  the  rate  and  force  of  the  lioart-bcat. 
L*vcreaj40  in  the  nusintity  of  liltKxi  (f.tj.  after  iKnnoi  rbi*ge)* 
Decrease  in  the  contrairtioii  of  the  aiterioles. 
s  ftbovc  is  true  for  geiieml  arterial  prosaure  ;  but  if  we  we 
ignlittg  local  arterial  pre^uro  iu  any  orgfin^  the  iucreiiAe  or 
ise  in  the  sixo  of  the  arterioles  of  other  areas  may  make  its 
full  in  tlte  special  area  under  iiiveetigation. 

K|i  pfrrMmtre  variet*  in  the  opp>«ite  way  to  arterial  presHnrtv 
T  lui  the  finit  and    third    fiLctofH    are    concemed.      Like 


|.^l!:ff«rt  ot  w«iik  #tltnuialio&  uf  the  pehphetmL  end  oi  n^ui  oa  n-Tteiial  li3<iod- 
»iire  icaTmid  of  rah^il).  fer»  blood-praHure ;  a,  abwitu  or  bue  Un^;  t,  iima  ia 
^cidt.    Kute^  f«]1  Df  blood-premtre  and  alow  Ijeort-bo&tii, 

al  pressure  it  h  increased  by  plethoni,  dinunifcihetl  by  autt^niia. 

ttcreaeed  by  a  decrease  in  the  rate  and  force  of  the  heart,  and 

iiktation  of  the  arterioles.    It  is  diminished  by  tlje  oppottitea. 

is  quite  easy  to  nnderstand  how  tins  is ;    when  the  heart 

with   increased    force,   it  imtn rally   mises   tlie   pressure  in 

irteriea ;    but   an    inereaiie    during    syiitole   in    the  force   of 

ilgioij  into  the  arteries  means  an  itiei*ease  also  during  dia- 
in  the  force  of  suction  upon  the  venous  blood,  that  is,  a 

ition  of  th^  pressure  there  ;  it  becomes  more  ne|^ative  than 

it&lJy  is, 

ith  regard  to  the   arterioles,   contraction   in  the    arterioles 
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iiu!U)s  a  rise  m  prv.^'iiire  hi  the  arteries,  jimt  iih  tifirmwlng 
(IcKii's  of  a  thcHtri?  during  the  esit  of  the  audience  wiU  itici 
iVie  |>re«sur^  ht^hnid  thu  doon* ;  hni  a  cotitrftftitm  of  the  arteriole? 
iMims  a  fiiU  itJ  prcHijurc  in  tht*  cjapilbries  and  veins  U^'yoiii 
thedi,  jUMt  aa  the  imrrowiup  of  tho  theatre  doors  will  I 
th©  congestion  in  the  atitjet  outside  of  them. 


¥ig.  175.  ^Effect  of  flbVlDlf  Atttllldlli!'^  >if   VI 

preigEiiit^  (miTitiid  f  if  rabbit  <.    Not*         .•  >  Mmll  of  ,™.„^-^^„™.^  „, 

KboTe  toci  nurmiU:  for  11  tliort  ttrfM% 


■ftf 


Cfijrf'ffttrt/  ftrrMure  is  i  11  c reused  hy 

1.  nihituticiti  of  the  arterioles;  the  Itlof^d-pre^^ure  of  I  he  large 
firt-erits  la  then  more  reaflily  pro|mgAted  into  thetn, 

2.  The  BiRe  of  the  Hrteriolesi  reniftinintr  the  Miiie,  inerense  of 
rirtenal  presHoro  from  any  other  eiinne  will  pttKlnce  a  rise  of 
OM  pil  1 M  ry  presHii  re. 

3.  By  uiirrowing:  the  veins  lentiin^  from  the  cnpillary  arM : 
complete  elo§iire  of  the  veiiin  may  rpiadniple  the  ea|tiUary  proimrrtw 
This  leu<lH  seeoodarily  to  an  inerease<l  formation  of  lymph  (drop^'); 
aa  when  a  tnmoor  presses  on  the  veins  eoodo^  from  the  leini> 

4.  Any  eirciimHtaiice  that  leads  to  increased  pressure  in  the 
veins  will  art  similarly  ;  thiH  is  ilhiatrated  by  the  ^ffectfl  pro- 
dneu^l  hy  (gravity  on  the  eirt^tilacioti,  a»  in  alterations  of  pogtiinp. 
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iptiiuiy  prtMwnrf  is  flcMfreiised  by  the  opposite  conditions, 
Sfffci  &f  tfnt\*ily  on  fkf  rirr  Hint  ion, — Th*j  iimiii  effect  of  p^mvity 
lb  thai  the  \tmi^  are  MM  with  hh\fjn\  in  the  |mrt  vvlach  m  placed 
liiowii.  Thus,  if  rtii  animal  is  placed  muidenly  with  it»  lege* 
l^jiniriti^  down,  less  hhxA  will  go  U>  the  heart,  and  the  bltHKl- 
'pn^ssuinc  to  the  rtrterioti  will  full  temjx>mrilj  in  conserjneiiice, 
ThiK  hydnjiHtattc  effcot  of  graAnty  m  soon  overtsonie  by  an  incn^ased 
Irielioii  of  the  vcssitlH  of  the  aplauclinic  area^  when  the  VJiafH 
hiMiirtin  m  workiiit*:  noromllj.  The  efficient  action  of  the 
try  piinjp  "  is  also  of  inipoitiince  in  counteracting  gnivtty. 
tttriking  illustration  of  the  efteet  of  gravity  on  the 
ion  can  be  demonstrated  on  the  eel.  The  animal  ia 
<^tiscji,  and  a  sniJill  window  is  made  in  the  body  wall  to 
'  l(C  heart.  If  the  animal  ia  then  sjiispendetl  tail  downwaidn, 
I  iting  heart   ia   seen  to  be  empty  of  blood  ;  all  the  MoikI 

^■WKiiiiates  in  the  (ail  and  lower  part  of  the  bcdy  ;  the  animal 
mSk  no  **  rcfipinitory  pump,"  such  a«  a  nmmtnal  possesses,  to  over- 
botno  the  effects  of  gravity.  If,  however,  the  animal,  atill  with  its 
Utt  dfiw  n  waiija,  be  Buapended  in  a  t^ill  vessel  of  water,  theprcasnre 
Hf  the  n'riter  outside  its  body  enables  it  to  overcome  the  hydro- 
itatic  effect  of  gravitation,  and  the  heart-cavities  once  more  fill 
*iih  blmxi  during  every  diastole.  Another  experiment,  oHginalty 
|cHV>rn)ed  by  Salathe,  can  be  demonfltmted  on  a  "hutch  "  rabbit 
it  the  atiimal  is  held  by  the  ears  with  ite  legs  hanging  down,  it 
hotm  Wooines  unconsciaus,  an<i  if  left  in  that  jK)«ition  for  about 
■^  an  hour  it  will  dit5.  This  due  to  anaemia  of  the  brain  ;  the 
IBM  aeeumu bites  iji  the  very  pendulous  alxlonien  which  mmh 
Souiesticated  animali?t  acquire,  and  the  vaso-inot^a-  mechanism  of 
the  splanchnic  area  is  deficient  in  tone,  and  cannot  be  set  into 
mich  vigorous  action  as  is  ueeeseary  to  overcome  the  bad  efftrcts 
of  gravity.  ConscinusneeH  is,  however,  soon  restored  if  the 
Rnirnal  is  placed  in  a  horizontal  poriitiottj  or  if  while  it  is  still 
hjioginfj  verticnily  the  abdomen  i«  Bf|ueezed  or  baiiclagcd.  A 
wild  rabbit,  on  the  other  hand,  surters  no  inconvenience  from  a 
■|Mrit  position  :  it  is  a  more  healthy  animal  in  every  respect; 
^^mntien  is  not  pendulous,  and  its  viiso-motor  power  is  intact. 
{Leonanl  Hill) 

The  prtsmre  in  (he  Pulm<irmrif  Cireulntifm  is  roughly  about  one- 
ihii^  of  what  it  is  in  the  systemic  vessels. 

The  injiitencf  nf  thtf  Cnrrfmc  Vnffii^  on  !*lo<.Kt-|>ressure,  The 
iiniiortance  of  the  hearts  action  in  the  naiintenance  of  blood- 
prcsaure  is  well  shown  by  the  effect  that  stimulation  of  the  vagus 
ttcrve  has  on  the  bhxKl-pressure  curve.  If  the  vagus  of  an 
tuumai    is   exjjosed  and    cut   through,   and    the  peripheral    etid 
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stimulated,  the  result  is  that  the  heart  ib  slowed  or  stopped; 
the  art^erial  blood-pressure  falb  simultaneouBly  i  the  fall  boing 
especially  sudden  and  gieat  if  the  heart  is  cotnpletelj  stDpp«d. 
There  is  a  rise  iu  venous  prestiure*  Tbe  effect  on  arterial  prcwure 
isshowu  in  the  two  accompanjiug  trHeingB ;  %.  274  represeniiug 
the  effect  of  partial,  and  iig,  275  of  coiaplete  stoppage  of  the 
lieart ;  iu  both  cases  tlie  ajiirnal  used  waa  a  rabbit,  aud  the  atten? 
the  carotid. 

The  effects  of  stimukting  the  central  end  of  the  vagus  and 
other  nerves  cannot  be  understood  until  we  have  studied  Uie 
vaso-motor  nervous  nysteni,  to  the  consideration  of  which  we  Mt\ 
immediately  pass, 

MeaBurement  of  Blood -pre  siure  in  Man, 

The  measurement  of  the  blood-pressure  in  the  human  subject 
cannot  obviously  be  effected  by  the  apparatus  otuployed  on 
animals,  and  numerous  iuKtniinenta  have  been  invented  for  the 
purpose  which  may  be  ap[ilied  to  the  vessel b  without  any  dii- 
section.  One  of  the  simplest  of  these  ^phy^mcfmtter^y  as  they 
are  termed,  has  been  introduced  by  Hill  and  Barnard,  aud  1 
am  indebted  to  Mr.  L.  Hill  for  the  following  deficn]>tion  of  tbrir 
methods  and  results. 

The  instrument  consists  of  a  vertical  glass  tube  about  fire 
inches  in  length,  which  expands  above  into  a  small  bulb,  and  is 
closed  at  the  top  by  a  glass  tap  (see  fig.  276). 

A  small  india-rubber  bag  is  f^xed  to  the  tube  below ;  this  is 
surrounded  by  a  metal  cup,  attached  in  such  a  way  that  only  the 
base  of  tlie  baji;  is  exposed.     The  bag  is  filled  with  coloured  fluid. 
On  pressing  the  instrument  down  over  the  radial  or  other  artery, 
the  fluid  rises  in  the  tube  aud  compresses  the  air  in  the  bidb ;  the 
air  acts  as  an  elastic  spring.     The  more  one  presses  the  more  the 
•  fluid  rises ;  at  a  certain  height  the  meniscus  of  the  fluid  exhibitek 
more  pulsation  than  it  does  at  any  other  height  {maximal  puha^ 
timi).     The  tube  is  empirically  graduated  in  divisions  that  cor-- 
respond    to    millimetres    of    mercury    pressure.      The   point  o-^ 
maximal    pulsation   gives    the   arterial    pressure.      Before  eacT^ 
observation  the  tap  is  opened,  and  by  gentle  pressure  on  the  bflc^ 
the  fluid  is  set  at  the  zero  mark  on  the  scale.     Thus  errors  due  t:o 
changes  in  barometic  pressure  or  temperature  are  avoided.     T>^e 
instruuieut  is  shown  in  the  figure  with  a  wrist  clamp  attached    -^o 
it,  by  means  of  which  the  bag  is  screwed  down  upon  the  artenr^ 

AVe  now  come  to  the  explanation  why  the  maximal  pidsation 
gives  us  a  reading  of  arterial  pressure.     If  the  mean  preuv^i^ 
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msid€  and  outside  an  artery  be  made  equals  then  the  wall  of  the 

tesst^l  m  able  to  vibmte  at  each  puise  mih  the  greatest  freedom. 
The  mean  pressure  is  less  than  the  systolic,  but  greater  tliaii  the 
diaMioHc  prt^satire ;  thuM  ditriiig  the  heart's  systole  the  artery  is 
Opened  out  to  its  fiillefit  extent,  while  durnig  the  lieart*s  diastole 
its  lumen  is  obliterated  ;  hon^e  the  vessel  wall  swings  with  the 
gr^test  amplitude.  If  the  pi^essure  exerted  by  the  sphygnaorneter 
is  Ims  than  tl*e  mejiu  arterial  pressure,  the  artery  will  not  he 
i:mTiprcst.*ied  to  it 8  iitrxu*at  dunng  duistole  ;  if^  on  the  other  hainl, 
^  pres^u-e  exerted  is  greiiter  than  the  mean,  the  artery  will  not 
ly  expand  during  systole*    In  either  case,  the  pidsation  will  not 
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BO  great  as  when  the  pressure  exerted  on  the  outside  of  the 
irtery  eiituils  the  mean  pressure  within. 

By  recording  the  arterial  pressure  in  the  dog  with  a  merenry 

nirturmu'tcr,   and   at   the   stinie    time    taking    readings  with    the 

^J 'ijy gnioineter,  the  instrvnnent  hris  been  proved  to  give  accurate 

^tsultji.     By  adding  a  side  tube  to  the  sphygmometer,  und  con- 

^petiiig  this  with  a  small  tAtnbour  adjusted  under  the  lever  of 

^  nicsdified  form  of  Dudgcon^s  sphy^mo^raph  (see  p*  263),  the 

'I'B.xinjal  pulsation  can  he  reward e<i  while  the  pressure  is  read  in 

the   sphygmometer.      liy  this  means  alisolutely  comparable  pulse- 

eurvea  can  he  obtaineii  !nnn  day  today,  witli  the  aiteria!  pressure 

^^^ked  on  efvelu 

»Tlifi  normal  pressure  in  the  radial  artery  of  healthy  yoimg  adults 
X  10  to  120  mm,  Hg.      It  appears  to  be  as  const aut  &h  the  body 
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temperature.  In  the  recumbent  po&ture  the  pressure  u  aligii;ly 
lower  than  in  the  erect  position.  This  relation  is  reversed  in  ^s^ 
ditious  of  exhauiEttiou.  During  muscular  exertion  tbc  ^tmiu^ 
is  raised,  while  in  the  subsequent  period  of  rest  it  is  aub-utjtunl^ 
Mental  work  raiaea  the  pressure ;  during  rest  jind  sle^p  it  ii 
lowered.  The  taking  of  food  jjroducew  no  note  worthy  eff^t. 
In  disease  there  are  natui*ally  variations  in  ditTerent  direction 
and  the  study  of  these  has  already  yielded  valuable  results.  1 

With  this  instrument  the  venous  pressure  can  also  ho  obUuibd 
in  the  manner  suggested  by  Dr.  George  Oliver.  On  the  back  of 
the  hand  or  arm  a  vein  is  chosen  free  from  anastomoses,  and  tb« 
sphygmometer  is  pressed  upon  the  peripheral  end  of  this.  The 
vein  is  then  emptied  centrally — i.e.,  towards  the  heart — by  tli« 
pressure  of  tlie  finger.  Next  the  pressure  in  the  sphygmometer 
is  gradually  relaxed,  and  the  exact  height  noted  at  which  the  vein 
refills  with  blood. 

Since  the  flow  of  blood  through  the  capillaries  is  maintained 
by  the  difference  in  pressure  between  the  artery  and  vein,  we  cai^  j 
by  obtaining  readings  both  of  the  arterial  and  of   the  vcuout  1 
pressures,   estimate  the  comparative  efficiency  of  the  capilhuy  ' 
circulation  in  man  under  varying  conditions. 

The  Vaso-motor  NervoiiB  System. 

The  vaso-motor  nervous  system  consists  of>the  v<u(Mnotor  centra 
situated  in  the  bulb,  of  certain  subsidiary  vaso-motor  centres  iti 
the  spinal  cord,  and  of  vaso-motor  nerves,  which  are  of  two  kind^ 
— (a)  those  the  stimulation  of  which  causes  constriction  of  the 
vessels ;  these  are  called  vasoconstrictor  nerves ;  (b)  those  tho 
stimulation  of  which  causes  dilatation  of  the  vessels ;  these  ar^ 
called  vaso-dilatator  nerves. 

The  following  names  are  associated  with  the  history  of  th^ 
subject.  The  muscular  structure  of  arteries  was  first  describee^ 
by  Henle  in  1841  ;  in  1852  Brown  Sequard  made  a  study  of  the 
vaso-constrictor,  or,  as  he  termed  them,  tonic  nerves.  The  vaso- 
motor centre  was  discovered  by  Schiff'(i855),  and  more  accurately 
localised  by  Ludwig  (1871).  The  dilatator  nerves  were  al^4 
discovered  by  Schiff";  at  first  they  were  termed  paretic  ncrvefc« 
Other  names  which  must  be  mentioned  in  connection  with  tlr^ 
subject  are  those  of  Claude  Bernard,  Heidenhain,  and  in  m»:a 
recent  years,  Gaskell,  Langley,  and  Ramon  y  Cajal. 

The  nerves  supply  the  muscular  tissue  in  the  walls  of  the  blocz^i^ 
vessels  and  regulate  their  calibre,  but  exert  their  most  importa^i 
action  in  the  vessels  which  contain  relatively  the  greatest  amac«.i 
of  muscular  tissue,  namely,  the  small  arteries  or  arterioles. 
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Cuckr  ordiimf7  circumstances,  the  arterioles  are  luaiutaiued  iti 

^gtiitecf  moderate  or  tonic  eontmotian,  and  this  constitutet^  the 

|]«nf>H^i^(^  resisiatic6f  the  use  of  Mbich  m  to  keep  tip  the  arterial 

nfo^iire,  which  miii^t  be  high  in  order  tu  force  the  blood  in  u 

fO(Dlii)u^ui«  stream  through  the  capillaries  and  veina  back  to  thu 

ba&rt* 

jyiotUer  function  whiuh  is  served  hj  thitt  mrjBuular  tissue  m  to 

late  the  amount  of  blood  which  flows  through  the  capillaries 

uny  on^an  in  proportion  to  it^  needs.     During  digestion,  for 

tiiataiice,  it  is   necessary   that    the   digestive  organs  should    be 

iTjnpli«d  Tsith  a  large  quantity  of  blood  :  for  this  purp.)iie  the 

srteHoies   of    the  splanchnic   area  arc   relasedt  and   there  i&  & 

^umt  ttJDouut  of  blood  in  thiis  area,  and  therefore  a  oorrespoud- 

iiigly  ^ihilII    amount   in   other   aretia^    sueh    as   the  skin ;    this 

a^coiiuls  for  tlic  sensation  of  chilliness  experienced  after  a  full 

m(?tiK      The   skin  vessels   form  another  good   example;   one  of 

the  mont  iiiipjrtant  ueea  of  the  skin  is  to  get  rid  of  the  heat  of 

tbe  t^Mly  in  such  a  way  that  the  body  temperature  shall  renuvin 

ewisUiiit;    when   excess    of    heat  is   produced   there   is  aUo  au 

iiicrottse  in  the  loss  of  heat  i  the  skin  vessels  are  then  diluted 

md  fto  more  blood  is  eipoeed  on  tlie  snrface^  and  thus  increuiie 

lEL  the  radiation  of  heat  from  the  surface  is  brought  about.     On 

tk  other   hand,  ivhen   it  is  necessary  that  the  heat  produced 

liquid  he  kept  in  the  body,  the  hjss  of  heat  is  diminished  by  a 

ooftitriction  of  the  skin  vesaels,  as  in  cold  weather,     The  altera- 

tiuu  of  tlie  calibre  of  the  vessels  is  brought  about  by  the  action 

0/  the  vaso-motor  nervous  system  *m  the  mnscular  tissue  of  the 

arteri<iles. 

There  are  certain  organs  of  the  body  in  which  the  necessity  for 
alterations  in  their  blood  supply  does  not  exist  Such  organs  are 
the  lungs  and  the  brain.  It  is  in  the  vessels  of  these  organs 
tlmt  the  influence  of  vaso-motor  nerves  is  at  a  minimum.  The 
pulmonary  vessels  are  supplied  by  nerves  which  have  been 
discovered  by  stimulating  eertJiin  nerve-roots  in  the  upper  thomcie 
lijg^iou  ;  but  the  ftction  of  Viiflo*mot<>r  nerves  in  the  brain  hiui 
t  yet  been  established  by  experimental  evidence  (see  p.  272). 
The  i^4io-mottyr  centre,  lies  in  the  grey  matter  of  the  floor  of  the 
fourth  rentricle ;  it  is  a  few  millimetres  in  length  reaching  from 
e  upper  part  of  the  flo*>r  to  within  about  4  mm.  of  the  calamus 
riptorius.  The  positiori  of  this  centre  has  been  discovered  by 
e  fallowing  means :  when  it  is  destroyed  the  tone  of  the  small 
TeaaeU  is  no  longer  kept  up,  and  in  consequence  there  is  a  great 
and  universal  fall  in  arterial  blood- pressure  ;  when  it  is  stimulated 
^ixj  is  an  increufle  in  the  constrictioo  of  the  arterioles  all  over 
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the  body,  and  therefore  a  rise  of  arterial  blood-pres&aie.  Ita  app^ 
and  lower  limits  have  been  accupfttely  determined  in  the  folioTing 
way  ;  a  series  of  animals  is  taken  and  the  central  nervous  ijirtm 
divided  in  a  difFerciit  place  in  each  ;  the  cerebrum  and  cerobellum 
may  be  cut  off  without  affecting  blood -pressure,  the  vaao-motoir 
centre  must  therefore  Vx?  below  these  ;  if  the  seution  h  made  just 
above  the  medulla,  the  bltxid- pressure  still  remains  high,  and  it 
is  not  till  the  upper  Imiit  of  the  centre  is  passed  that  the  blood- 
pressure  falb.  Similarly  in  another  aeries  of  animals,  if  the 
cervical  coi\l  is  cut  through,  and  the  animal  kept  alive  by 
artificial  respiratiuu,  there  is  an  enonuous  fall  of  pressure  due  to 
the  influence  of  the  centre  being  lemoved  from  the  vessels:  in 
other  experiments  tho  section  is  [iiitde  higher  and  higher,  audtht 
same  result  uotctl,  until  at  IttsL  the  lower  limit  of  the  centre  u 
l)?issed,  and  ihe  full  of  presriure  is  less  and  less  marked  the  highct 
one  goes  there,  Tuitil  in  the  animal  in  which  the  section  isa  inadi' 
at  the  upper  boundary  of  the  centre  the  blood*pressure  is  im( 
atVected  at  all,  and  the  centre  can  be  influenced  reflexly  by  th^ 
stimulation  of  aOerent  nerves^  the  pressor  and  depressor  uen-e^' 
which  we  shall  be  considering  immediately/ 

After  the  destruction  of  the  va&o-motor  centre  in  the  bulb^ 
there  is  a  fall  of  pressure.  If  the  animal  is  kept  alive,  the 
vessels  after  a  time  recover  their  tone,  and  the  arterial  pressure 
rises:  it  rises  still  more  on  stimulating  the  central  end  of  asensoty 
nerve ;  this  is  due  to  the  existence  of  subsidiary  vaso-motor 
centres  in  the  spinal  cord  ;  for  on  the  subsequent  destruction  of 
the  spinal  cord  the  vessels  again  lose  their  tone  and  the  blood- 
pressure  sinks. 

The  vaso-ntoior  nerves  travel  down  the  lateral  column  of  the 
spinal  cord,  and  terminate  by  arborising  around  the  cells  in  the 
grey  matter  of  the  subsidiary  vaso-motor  centres,  the  eiaet 
anatomical  position  of  which  is  uncertain.  From  these  cells  fresh 
axis-cylinder  processes  originate  which  pass  out  as  the  small 
medullated  nerve-fibres  in  the  anterior  roots  of  the  spinal  nervea. 

The  vaso-constrictor  nerves  for  the  whole  body  leave  the  spiaal 
coixl  V)y  the  anterior  roots  of  the  spinal  nervxs  from  the  second 
thoracic  to  the  second  lumbar  both  inclusive.  They  leave  the 
roots  by  the  white  rami  communicantes  and  pass  into  the  ganglia 
of  the  sympathetic  chain  which  lies  on  each  side  along  the  front 
of  the  vertebral  column.  The  ganglia  on  this  chain  (the  lateral 
ganglia  of  (taskell)  may  also  be  called  the  chain  of  vaso-motor 
ganglia,  because  here  are  situated  cell  stations  on  the  pourse  of 
the  vaso-constrictor  nerves  for  the  head,  tnmk  and  limbs.  That  is 
to  bwy,  the  small  medullated  nerve-fibres  terminate  by  arborising 
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the  ctfUw  iif  tliese  ganglia,  and  a  frosli  rday  of  aa^JH-uyllnder 
es  froTH  lht*sL*  collsii  carry  ou  Llie  iiripiilae». 

lowing'    *>g*^ir*^'    rt presents   diagi'iinioiatically   how   tiu& 
;  The  sLcatlis  nf  the  fibres  are  not  rcprei^eiitefL 
Tha    ocli    ^tAtion   of   any  particnlar  tihre  is    not  necesiianly 
mituntiil  in  the  Bnit  gatijrlion  trs  which  it  |ift>*seH  ;  the  fibres  of  the 


I  Wf,  1^*— TJ*tiitti?i*e  wrtititi  ibrotiirh  half  thsf  nfnmd  cofd,  ^nwmg  tli«  imi3$rliA^  A,  «nti*- 
i4or  oornual  ccJIa*  B.  ftxiit-orlibd^r  pmcK^tem  of  one  of  theff^  ftvini^  to  iposterkni  toot ; 
C,  Bitifmir  InxiCor)  itKJt  ;  T>,  pcwterim'  iwn.Hory)  nwt;  K^  »p1nal  pLnglioii  on  piwtfninr 
toot:  F,  rifmpAthietAti  gutifrli^td  t  G.  tiiiEitjfi  common fcaitfi:  H.  ptmlciriorbTiLnjdl  of  fltiiifia.1 
mtm-t  It  tnlrrior  bninnh  rjf  rrpmrn  iicti'p  :  n.  Ion  ft  ^^Iklt^iulN  frum  poideriop  root  abret 
mijfcitig'  to  ftntfiiof  horn ;  ^^  ithurt  cfrllatemlrt  fHuuinf^  tu  diLrki'^''H  t^lumn :  €t  ^^H  in 
Oiukff*s  eifluifui  ffindinfr  *n  jut iphj linger  i't)  pnw*?*  tu  thu  liirttrt.  ceretpeUiir  tmct ; 
#»  fllffE  of  ihcufitPrioT  nx3t ;  t\  nxiN-f^-liTiidfT  fmm  s^nipathetic  gonirlujii  w^H,  i|ividTO(r 
into  two  bmncbffik  nnc  to  the  perii^heii.  Uu-  f<lTier  towiLtdathfieoini:  jp,  Ii1:m>  of  Use 
uvtiTlciT  iDot  temitnAlini;  by  im  nrhin-ij^ution  in  Ihn  i^n^pAtbetk  ffanfrlion ;  A,  nyTupa- 
Umtie  8bt«  funiiiir  to  pet^ifilif.'ry.     t lijitiitia  y  Vaj  a! .  > 

white  mmus  conimiinicans  of  the  second  thfmicic  do  not  for 
instntice  all  have  their  coll  stations  in  the  second  thoracic  ganglion, 
but  mav  |.>ji»s  upwanls  tir  downward^  in  the  chain  to  a  more  ur 
]e8&  distant  ganglion  before  they  terminate  by  arborii^ing  aromid 
n  <.tU  or  cells* 

The  raso-cODStrictor  nerves,  however,  have  all  cell  stations 
[tomewhere  in  the  sympathetic  system,  and  the  new  axis-cylinders 
ihut  iAiim  horn  the  ce\h  of  the 'ganglia  differ  from  tbose  which 
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terminate  there  in  the  circumstance  that  thej  do  not  poae 
a  medullary  sheath,  but  they  are  pale,  grey  or  non-meduUatc 
fibres.  Those  which  are  destined  for  the  supply  of  the  feue 
of  the  head  and  neck  pass  into  the  ganglion  stellatum  or  fin 
thoracic  ganglion,  thence  through  the  annulus  of  Vieosaeosi 
the  inferior  cervical  ganglion,  and  thence  along  the  sympathet 
trunk  to  their  destination.  Their  cell  station  is  in  the  superii 
cervical  ganglion. 

Those  for  the  body  wall  and  limbs  pass  back  from  the  sympathet 
ganglia  to  the  spinal  nerves  by  the  grey  rami  communicantea,  u 
are  distributed  with  the  other  spinal  nerve-fibres.  The  cell  statio 
for  the  upper  limb  fibres  are  in  the  ganglion  stellatum,  and  for  t] 
lower  limb  fibres  in  the  lower  lumbar,  and  upper  sacral  ganglU 

Those  for  the  interior  of  the  body  pass  into  the  vario 
plexuses  of  sympathetic  uerves  in  the  thorax  and  abdomen  ai 
are  distributed  to  the  vessels  of  the  thoracic  and  abdomii 
viscera.  This  set  includes  the  most  important  vaso-motor  nen 
of  the  body,  the  splanchnics.  Their  cell  stations  are  situated 
the  various  ganglia  of  the  abdominal  plexuses. 

The  v€L9(Hiilat<itor  nerves  in  part  accompany  those  ji 
described,  but  they  are  not  limited  to  the  outflow  from  t 
second  thoracic  to  the  second  lumbar.  Thus,  the  nervi  erigeni 
originate  as  white  rami  communicantes  from  the  second  a 
third  sacral  nerves,  and  the  chorda  tympani,  another  gc 
example  of  a  vaso-dilatator  nerve,  is  a  branch  of  the  sevei 
cranial  nerve. 

The  vaso-dilatator  nerves  also  differ  from  the  vaso-constrict 
in  not  communicating  with  cell  stations  in  the  sympathetic  cha 
they  pass  through  these  ganglia,  retaining  their  medullary  shea 
and  have  their  cell  stations  in  the  collateral  ganglia  (such  as  \ 
semilunar)  or  in  the  terminal  ganglia  on  the  walls  of  the  bio 
vessels  themselves. 

All  vaso-motor  nerves,  whether  they  are  constrictor  or  d 
tator,  differ  very  markedly  from  the  spinal  nerve-fibres  which  i 
distributed  to  voluntary  muscles  in  being  ganglionated  ;  that 
in  having  cell  stations  or  positions  of  relay  on  their  course  from  i 
central  nervous  system  to  the  muscular  fibres  they  supply. 

The  existence  of  cell  stations  between    the  central   nerv« 
system  and  the  muscular  fibres  is  not  confined  to  the  nerves 
blood-vessels,  but  is  found  also  in  the  nerves  which  supply 
heart  and  other  viscera. 

Moreover,  the  nerves  which  supply  the  voluntary  muscles 
motor  in  function  ;  inhibitory  fibres  to  the  voluntary  mutnlee 
vertebrates  do  not  exist.     But  in  the  case  of  the  involimt 
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juutclea  there  Art*  usiialljthe  two  seta  of  nerre-fibres  witK  opposite 

In  the  caae  of  the  heart,  we  have  an  accelerator  set  which 
uiyiireie  through  the  aympathetic,  and  an  Inhibitory  set  which 
^iirse  thff^ugh  the  vagus. 

In  the  c*i^e  of  the  ves&elfl,  we  have  an  aet'elerator  net^  which  we 
litfvg  hitherto  called  vaao-coiistrietora,  and  an  inhibitory  set  we 
|igT<?  heen  calling  Tuso-dibitatorE, 

111  thi}  CivsQ  of  the  utht-r  contractile  viscera,  we  have  also  viacero- 
accelL^fJ^tor  and  vi see ro- inhibitory  which  respectively  hasten  and 
I<5«cti  their  peristaltic  nHJvementfs, 

Adciptitt^'  riiisjieirii  noriienclatnre,  we  niav^  further  term  the 
iiccck^nitor  ^runp*  of  nerves,  kaUih^jlk^  as  they  increase  the  activity 
of  the  muscles  they  supply,  bringing  alxmt  an  increase  of  w-ear 
^  tear^  and  an  increase  in  the  discharge  of  waste  nmteriaL 
the  inhibitory  ticrves^  on  the  otlier  hand,  are  anabolk^  aa  they 
prodnce  a  coudition  of  rcBl  in  the  tissues  they  supply,  and  so  give 
U]  opfsortuinty  for  repair  or  constructive  metabolism. 

The!  cliiitribution  of  the  vaso-motor  nervea  and  the  viscero-motor 
nerves  has  becu  within  recent  years  verj^  tboroughly  worked  out 
by  Lit) g ley.  The  nerves  of  the  various  viscoi'a  we  shall  take  with 
ie  individual  organs.  In  all  these  cases,  there  is  a  cell  station 
iDttt where  in  the  sympatljetic  system,  and  only  one  for  each 
MTfe^hbre.  The  prmijanf/Honic  Jifrt'ett  {Le.^  the  fib  res  from  the 
g|MnMl  eortl  to  the  synipathetic  cell  station)  are  usually  medullated  ; 
die  imft^^miijNonie  Jif^ed  (*>.,  those  that  leave  the  ganglion)  are 
imiMily  uon-niedulkted.  But  this  liitstological  distinction,  m 
much  emphasised  by  G  ask  ell,  is  not  witlioiit  exceptions,  and  the 
lixulisation  of  cell  fttatiooa  U  nuulc  with  far  greater  certainty 
bj  Lsiigley-s  nicotine  method.  Nicotine  in  snjall  doses  paralyses 
nerveKjellSj*  but  not  nerve-fibres ;  if  the  dnig  m  injected  into  an 
jinimal, stimulation  of  the  anterior  nerve-roots  produces  no  move- 
juents  ef  the  involuntary  muscles^  becauise  the  pamlysed  cell 
sthtions  on  the  course  of  the  nerve-tibrea  act  aa  blocks  to  the 
propagation  of  the  impulse.  If  the  nicotine  is  applied  locally 
by  painting  it  over  one  or  more  ganglia,  there  will  be  a  block  in 
tho«e  fibres  only  which  have  their  cell  stations  in  those  particular 
giu^Ua.  Thus,  in  the  lateral  chain  of  ganglia  we  find  the  cells 
m  the  oourae  of  the  pilo-motor  nerves  (i>.j  to  the  muscles  of  the 
biirs)j  of  the  vaschconstrictors  of  the  head,  limbs,  and  b^xly  walla, 


'  It  3fl  atill  a  matter  of  uncertainly  whether  this  drug  nets  upon  tbe 
a«-Te-C€lla  themBelves,  or  the  termmftl  arbor iuftt ions  (synopfM?*)  «>f  the  nerve- 
thit  surround  tbem. 
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smd  jmssibly  of  the  eplenio  nerves.       In  the  collateral  ganglia  iff 
foutKl,  amongst  others,  the  cells  ou  the  course  of  the  fiplanciinic 
nerves,  of  the  nerves  to  sweat  glands,  of  the  oirdia^i  accelemtors, 
and   of  tlie   inhibitory  fibres  of  the  alimentary  canal ;  while  tu 
the  terminal  ganglia  are  placode  among  others,  the  celk  on  tb« 
cardiae  inhibitory  nerves,  on  the  niotor  filrres  to  tiie  lower  j»^ 
of  the  intestine  and  bladder,  and  on  the  inhibitory  fibres  to  t^^ 
estteraal  genital  organs. 

The  eel]  statimis  nn  the  vaso-con^trictoJi*  ure  frituate^i  for  the  fnitik  Isj  t:-^* 
corrtapqiiding  kterwl  ganglia  :   for  the  bead^  neck  and  anhvary  glaiidw    ^^^  ^ 
the  i*iij>erior  cervical  gi^nglion  ;  for  the  upper  iinib  \n  the  gangHciri  *icll»t4u^^^^^ 
for  the  luwer  limb  in  rhe  sixfcb  and  aeveiith  liitubnr,  mui  first  ami  «co^^^^ 
tvaeral  ganglia  ;  for  the  tail  in  the  ccmjcj^guI  ganglia  ;  for  Ibc  bloruiich  1%  t1 
ccetiflc  ganglion  ;  far  the  Binall  intestine  in  the  superior  niL^ient^ric  ;  Im  tl 
large  iiitestine  and  rectum  in  the  inferior  mesenteric  ;  and  for-  the  eAt^iOk 
genitals  in  the  sacral  ganglia.    The  cells  on  the  yaso-dibtatore  are  pla^  :' 
the  superior  eer^Mcal  ganglion  for  the  gums  and  lijjs ;  in  the  hlloe  of  r' 
gland  for  the  submaxdlary  :  and  near  the  viieuis  ft^r  the  Tectum,  eiter 
genitab.  &c.   Tbc  cells  for  the  motar- fibres  of  the  upper  part  of  the  abcotnt* 

cAnnl  are  in  the  ^ughon  trunei  vagi  ;  for  the  lower  port  on  theconrBgof  t|? ^^ 

tibrea  ijear  the  viwuR.    The  cells  on  the  inhibitoiy  libres  of  the  up]>er  |>ii^^^] 
fjf  the  alimentary  canal  are  ia  the  Cieliae  or  mif>erior  niesenferic  gangha.  Rn   ^"^ 
fi>r  the  lower  part  in  the  inferior  mesenteric  ganglia,  or  al^ng  the  cm 
of  the  hypogastric  nerves. 

We  may  now  ank  what  is  the  object  that  U  served  by  the  exbt^nflc 
ganglia  on  the  coiinie  of  these  nerves.     It  appears  to  be  a  mcom  of  dbtii 
buting  nerva-fibres  to  a  vast  area  of  muscular  iimwe  by  mean*  of  a  coi 
parntivelj  Hmall  number  of   nerve- fibres  that   leave  the   central  ncrvo 
system  ;   for  each   fibre  that  leaves  the  central  nervous  system  artmrlii 
around  a  number  of  cell-%  and  thus*  iht  impQlse  it  carries  is  trantf erred  lo^^^" 
numlter  of  new  axia-eylinder  pi^ocesne^. 

In  some  cflsea,  it  in  true,  a  single  nerve-fibre  will  flivide  into  rauJiitudmotii^^^ 
branches  to  accontplitih  the  same  object  (as  in  the  «upply  of  the  tlectrir 
organ  of  Malapterurunk  the  tibraa  to  the  millioiis  c»f  itJi  dubdiviidaiu  all 
originating  frcnn  a  Mngle  aids-CYlinder),  but  the  usual  way  appeari  to  be  i 
Cfmbinatlun  of  this  m  el  bod  with  that  of  aubtiidiaTy  cell-stat  iona*  ^^ 

At  one  time  a  ganglion  w&.s  snppo^^ed  to  be  the  seat  of  rctlex  action.  The  ^U 
fFubmaxillary  ganglion  wju*  the  battle-field  in  which  this  quwiK»n  wm  ^| 
fought  out.  In  all  the  researches  of  Langlej  nnd  Andenran,  who  bave 
investigatetl  every  ganglion  in  the  l»odyT  they  have  never  found  that  a 
ganglion  is  the  seat  of  a  refies  action.  The  ordy  instancea  where  ^uch  a 
tbin^  seemed  |Kissible  were  the  foUowjng:— When  all  the  nervous  (Wimectiona 
of  the  inferior  me^^enterie  ganglion  are  divided  except  the  hypogastric 
nerves^  stimulation  of  the  central  end  of  one  hypogastric  can^s  contraetlcm 
of  the  bladder,  the  efferent  path  to  which  is  the  other  hypogastric  nerrt* 
In  addition  they  observeii  an  apparent  re^es  excitation  ot  the  nerve  »u|^ 
plying  the  eret^tor  muscieg  of  the  hairs  (pilo-motor  nerves}  through  other 
synijiathotio  ganglia.  In  neither  ease  i*  the  action  trtdy  refless^  but  it 
cnui»ed  by  the  ptimalatiun  of  the  central  emb  of  motor-fibr(?8  which  imae 
from  the  spinal  cord,  and  which  after  pa&sing  through  the  ganglion  semi 
biianchcs  down  each  l^ypugaatric  nerve.  The  experiment  ii  in  fact  similar 
^  to  Etihn*?'s  gracilis  experiment  (p.  170),  1 

^^^  A  series  of  moat  interesting  and  important  experiments  hare    ^M 

^^V  more   recently  been  carried  out  by  Langley,  in  which  he  ahowg     ^M 
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UiAi  nerre^fibreB  will  under  certain  expertuieutal  eouditions 
Wrintniite  by  arborising  urcmnd  other  nerve  cells*  than  those 
niiicli  thev  normally  form  covmei^tions  (ajiiapsos)  with.  It  will 
U*  sufficient  to  give  one  typical  ex  peri  men  t.  If  the  vagut*  uerve 
im  cut  across  in  the  neck,  its  peripheml  eud  degeneiate«  down- 
lanls ;  if  the  cervical  synipitthotie  is  cut  across  ImsIow  the 
superior  cervical  ganglion^  its  peripheral  end  4egeueratttt  upwartls, 
m  far  as  the  ganglion.      If  snViaeqiiently  the  central  end  of  the 
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f\f -  iT^^—Dw^nun  !■  >  iUufllmte  I^tigley V  oxpeiimeiit  on  \-n^\i^  iititl  I'i'n  iual  H^intttthetif: 
ntarcfl^  In  A^  the  two  nen***  mv  nhuwu  im^ct;  thi-  direction  of  th**  mipuhi?H  thfy 
lUffiiUilly  WIT  ill  tthown  by  arniTfl,  and  Ihf'  nam^M  of  (H.»niP  of  ttj"  '  i,  supply 


I  bj  dl9ContJDU4<mH  Ijn^-     In  r,  tbe*  iimoa  d^K-ribeil  in 


>ntt  lire 


MNanpliibed^  and  fltimu1atii>n  itt  tbe  p^tint  ^#  n*m  fo-uducen  tlietttuiti-  k-mum  uh  wf;re>  Lti 
1i#  fa&et  DC^rvif^  (A)  iirodmi^Hl  by  wtiniuktinn  nt «, 

cut  vagiifi  18  nuited  to  the  peripheral  end  of  the  cut  aynipst- 
tlitttiu,  in  the  couree  of  miiiQ  weeks  the  vagus  fibres  grou 
into  ilie  sympathetic  atid  form  aynap»es  aroiuid  the  cells  of  the 
iiiperior  cervical  ganglion,  and  stitnulation  of  the  uuitctl  nerve 
mm'  produces  Huch  e fleets  as  are  usual Ij  obtained  when  the 
oervicHl  sympathetic  h  irritatiMl  ;  for  instance,  dilatiition  of  the 
pupil,  raimug  of  the  upper  eyelid,  and  conatrictiou  of  blood-vessels 
of  the  beud  and  neck.     (J:>ee  aeeonipauying  diagram,  hg.  278,) 

Such  experiments  as  these  arc  important  because  they  teach  UB 
that  though  the  action  of  nerves  nrny  be  bo  different  in  different 
eaaea  (some  being  motor^  some  inhibitory^  some  secretory,  some 
leiasory,  d^c),  after  all  what  occurs  in  the  nerve  trunk  it^tf  ib 
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always  tlie  same  ;  the  dtflTerenee  of  action  ie  fine  t*>  differs ww 
cither  in  the  origin  or  diutribiitioii  of  the  nerve-flbrcs.      If  we  go 
back  to  our  old  illiiiit ration   in  which   we  compared  the  nerve 
tninkB  to  telegraph  wires,  wc  tnaj  be  helped  hi  realising  tlits. 
The   destination  of  a  certain   group  of  telegraph  wires  raav    l*c 
altered^  and  the  alteration  may  prodiiee  differettt  oonut 
different  places;  the  electric  change,  however,  in  the  w 
be  the  same  in  all  cases.     80  the  nerve  impnke  going  ti\fmg 
nerve  in  always  the  same  sort  of  molecular  disttirbance ;  if  it  is  rni 
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Tig.  »79,  —  AtUsrkl  lilood-prcaiiuti  timoisft  tbowiav  Traolw^Hering  rnvM.    {! 


as  in  the  experiment  just  described,  to  go  by  a  wrong  ehaotieU  it 
produces  just  the  »anie  results  aa  though  the  impulse  had  reachnl  j 
it6  d est i nation  Ijy  the  usual  channel 

The  Vaao- motor  centre  can  be  e^scited  directly,  as 
induction   unrrent!^ ;  tlie   result  is  an  increaae  of  hlootl-prefisur 
owing  to  an  incrcjiHu  tif  the  contraction  of  the  peripheral  arteriole 

Ft  can   also   he  evcited   by  the  action  of  jtor'mnn  in  tlie  bk 
which  circiihites  throuj^b  it  ;  thua  stroplmnthus  or  digital^  caw 
a  marked  rise  of  gencml  nrterinl  pressure  due  to  the  cons  trie  tioo  J 
the  peripheral  ve^^sels  brought  about  by  impulses  from  the  cent 

It  is  also  excited  bj  yeiiouei  blood,  as  in  a^thf^jin  ;  the 
blood -prejasure   which   occun*   during  the  first  part  of  asphj 
in  due   to  constriction  of   peripheml  veesels :    the    fall    dii| 
the  last  stttgi@  of  asphyxia  is  largely  due  to  heart  failure. 


^■^liall  study  asphyxia  more  at  leiigth  in  oonneotion  with 
^Brespi  ration.  T>nniij;f  the  period  of  decreased  preBJ^ure,  waives  are 
^B»iten  observefl  on  the  Llw^KUpreafeure  curve  which  arihe  from 
^^L  hIow  rhythmic  aetion  of  the  vaso-motor  centre.  The  centre 
^^L^ltemately  ^euds  out  stronger  and  weaker  eDUstnct>or  impukcB. 
^^B?hey  are  known  as  the  Trauht-Htrin^j  waves,  and  are  much 
BwTower  in  their  rhythm  than  the  waves  on  the  tracing  which  are 
c^^ue   to  reepi ration.       ^Phey  ar©  not  peculiar   to   aspiiyxia,   but 


i%.  280*— BcNFuU  on  arterial  b^Dod-prt'riMtire  curve  of  MUmuldttiag  IIjO  ot-alm)  oitd  uf  »^Mt 

meiMkim  ncTTe  tn  lubbit.    11  r,  bioad-pTeflffiUjie ;   a,*  AbicuiB  or  bmic  line;  ^^  tScftg  |q 

m,  HJ^fuil  of  peiiod  of  excitalicm  of  the  1 
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^J^  frequently  seen  in  tracings  fn)rn  normal  animals.  Fig.  279 
Represents  tracings  obtained  from  A  dog  under  the  influeiice  of 
toiorphia  and  curare.  The  upper  curve  taken  while  artificial 
iration  was  lieing  carried  on  shows  the  three  sets  of  waves, 
t  the  oscillations  due  to  the  heart  beats,  next  in  mm  those 
^ue  to  the  respiratory  movements,  which  in  their  turn  are  8ui>er- 
t»€»ed  on  the  prolonged  Trautje-Hering  waves.  The  lower  trancing 
^^as  taken  immediately  after  the  ceHHation  of  the  artificial  reapira- 
^ion  and  a  how  a  ooly  the  heart  beats  ant  J  the  Traube- Bering  waves. 
The  Vaao-mdtor  centre  may  be  excited  refleily.— The 
Afferent  irapuises  to  the  vaso-motor  centre  may  be  divided  inter 
%:}re89or  and  depressor. 
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Most  sensory  nerves  are  presmr  nerves.    The  Bcmtle  or  the  ? agEuin  \ 

nerves  may  be  taken  tis  itistancea ;  whi^n  tliej  are  divided  fini 
their  eentnil  ends  stimulated,  tke  result  is  a  riwe  uf  bkMMl-|ire«aiii 
due  to  the  sthmilatioa  of  the  Taso-mot^ir  eyntruj  aijd  let 

constriction  of  the  arterioles  all  over  Uiw   btxiy*   hi: 
in  the  sphuichnic  area*     Kig.  280  sIiowm  the  resnlt  of  sueh    an 
experiment,     it  is  convenient  it»  perfurnnng  snch  an  experitnei 
to  administer  curare  m  well  as  an  anuDsthetic  to  the  animal, 
order  to  obviate  reflex  muscular  struggles. 


Flf .  fi^i.— TreaiDf  whovhxg  tli«  effect  an  blood-pi-ejvititf?  of  BtJmnlatinif  tlie  («pnti«l  mid  tM 
thA  t>|3mAMii'  n«m?  In  the  rAbb(t.    To  im  Tf^d  from  rig ht  to  l«ft.    T,  turlio 
r*,  y..  «>  «.t,H,.k  tht^  Tftxurdioff-Jmrfaoe  w»*t3r*¥felliogi,  thi?  IntermlAanTeipoBd  itj « 
4  <it  of  entraticft  of  otunnt^  0«  ftmrntjot  at  vliidi  It  wwi  «tmt  olE«l 

t '  lime'  ID  dMTelopiiLpp  aafl  iMtB  aftrr  tbe  cturrpot  hoM  be*n  lAken  €(tf-^ 

U.^.-,  „i,.,itryuuj^tire  the  renplmtorf  eurre* ;  tiii;  puke  ow^!l«tfoofi  atra  vi^l 


Dfj^^emn*  H^'ve. — In   mosit  auimsils  the  depressor    fibres    aw 
bound  up  in  the  trunk  of  the  vagiui,  but  in  some,  like  the  rabbi t, 
cat  and  horse,  the  nerve  runs  up  aa  a  separate  branch  from    thai 
heart  and  joins  the  vagus  or  its  superior  laryngeal  bninch  an<l 
ultiniat(*ly  reaches  tlie  vjiso-iuotor  centre.     When  this  nerve  i$ 
stimulated  (tlje  va^ri  having  been   previously  divided  to  preront 
reflex  inhibition  of  the  heart),  a  marked  fail  of  arterial  blood-pr^- 
iure  is  produced  (see  fig,  2B1),     Stimulation  of  this  nerve  afltjcts  | 
the  vaso- motor  centre  in  such  a  way  tliat  the  normal  cons  trie  tor  ^ 
impulses  that  pass  down  tlie  vascM^onstrictor  ti^rves  are  inhibite<L 
The  fall  of  pressure  is  very  slight  aft  or  section  tif  th*?  splanobtiio 
nerves,  showing  that  the  siplanchnic  area  is  the  part  of  the  b<jdy 
most  aff'ected-     The  normal  function  of  this?*  nerve  is  to  adapt  the 
heart's  action  to  the  peripheral  resistance  ;  if  the  constriction  of 
the  arterioles  is  too  high  for  the  heart  to  overcom^i  an  impnliie  by 
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nerve  to  tbe  vnso-motor  centre  producea  reflex Ij  a  lessening 
'  the  pofij^^hcral  resistance. 

X,ii,-*Tln"  ivttn  iltipre^^^r  nhtjuld  be  cftrefuUj  dbtinguiahefJ  finm  iuhirii- 

sHuiuifitiuu  of  ihe  peripheral  eiid  oi  the  vsigtm  [nodwc&t  a  fall  of 

*prteBiire  *Jim*  to  iuhrbition  (elowipg  i>r  stoppajfe)  of  the  heart  (setj 

.  274  ami  375) :  stimnliirum  of  the  t'^ntral  end  of  tho  depresisor  nerve 

^  I0fl»  A    Inwetirig  of  bhwvl-pnesiaunt*   for  a  ditferctit  rcuson,  tiamdjr  a 

rvlmiitifi^n  tif  tjie  !=ipljini:hTiic  artL'riole?^. 

Experimeat&  on  Vaso- motor  nerves, — The  experinieuts  on 
X}^  vtij$«viuotcir   iierveis  are  ttimiliir  to  tliotti.'  perform etj  on  other 
iTwn  when  otiu  wialjei*  to  ascertain  their  futietions.     They  cunsiat 
III  ^tttuti  and  eioitation. 

Section  of  a  vasoconstrictor  nervt\  aiicii  as  the  splanclvnic, 

%\i3ieh  i\  lorn  of  nurniai  arterial  tone,  and  conaequently  the  part 

Fiipplio*!  by  the  nerve  Ijecomes  flvishe^^  with  Uood.     Stimulation 

the  fwripheral  end  eaiuseii  the  vesiaeis  to  t^untraet  and  the  jpa4*t 

l|4(  hecinue  comparatively  pale  and  hloodlcas.       Thiii  cati   be  very 

Iretidity  denioniitnited  on  the  ear  of  the  rabbit.     This  is  a  claseical 

n  pert  men  t  associated  with  the  name  of  Cluude  Bernard.     Divit*iou 

the  cervical  sympathetic  produces  aD  increased  redness  of  the 

of  the  head,  and  looking  at  the  ear^  the  transparency  of  which 

[  «nftble8  one  to  follow  the  ithenomeiia  easily,  the  eentral  artery 

I  litii   Its   branches  is  seen  to  become   larger,    and    many    aojall 

Wiches  not  previously  visible  come  into  view.     The  ear  feels 

hciller,  though  this  effect  soon  passes  otl'  as  the  exposure  of  a  large 

ijiiautity  of  blood  to  the  air  causes  a  rapid  loss  of  beat     On 

Blimulating  the  peripheral  end  of  the  cut  nerve,  the  ear  resumes 

it*  tjonnal  condition  and  then  becomes  pder  than  usual  owing  to 

eictssive  constriction  of  the  vessels. 

The  firtit  part  of  the  expt^rjineut,  the  dilatation  following 
scctien,  can  1>e  denionst  rated  in  a  very  simple  way,  by  pressing 
Ihe  thumb-uai!  forcibly  on  the  nerve  w*bere  it  lies  by  the  side  of 
the  central  artery  of  tJie  ear. 

St'ction  of  a  vjiso-di  lata  tor  nerve^  Siuch  as  the  chorda  tympani, 
pmducea  no  etfeet  on  the  vessels,  hnt  stimulation  of  its  peripheral 
etifl  cauties  great  enlargement  of  all  the  Jirterioles,  so  that  the  sub- 
RuiiVllary  gland  and  the  neighbouring  parts  supplied  by  the  nen'e 
iNseotne  red,  and  gorged  with  blood,  and  the  pulse  is  propagated 
llircjugh  to  the  veins;  tlu^  circulation  through  the  capillaries  is  so 
rapid  that  the  bkwjd  loses  very  little  of  its  osygcn,  and  is  there- 
fore arterial  in  colour  in  the  veins.  Another  etfeet,  free  secretion 
of  saliva,  we  shall  study  in  connection  with  that  subject. 

tither  examples  of  Viiso-dilabitor  nerves  are  the  nervi  erigentes 
to  the  erectile  tissue  of  tfie  penis,  ifec,  and  of  the  lingual  nerve  to 
the  vessels  of  the  tongue. 
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It  is,  however,  probable  that  all  tbe  veaBek  of  the  body 
both  coustrictor  and  dilatator  nen^ea.  But  the  preseuce 
latter  is  difficult  to  tie  term iue  uuless  they  are  presoat  in  1 
if  they  oltq  not,  stimulation  affects  the  cone  trie  tors  moAt 
effect  of  section  is  also  incou elusive  ;  for  Lf  a  oi5xed  nerve 
the  only  effect  observed  is  a  dilatation  due  to  removal  o^ 
conitrietor  influence. 

To  solve  this  difficult  problem,  two  Dieth«>da  are  in  ' 

I.   The  mtihod  of  degefifratifm. — If  the  sciatic  nerve  is  i 

vesaek  of  the  limb  dilate.       This  passes  off  in  a  day  or  ti 
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Fig.  sS*.— HeUiysKtogTftjJj-  Bj-  fnc^ant  of  tliis  upparatus.  the  Alteniioxi  ia  voh 
inn,  Rt  wbieh  ij^uclufled  tn  a  g^tajw  tube*  A/flMed  with  iiiid,  the  Op«ita| 
which  It  fMUftes  h^in^  Urmly  clonid  by  a  lkii?k  gtitta-ferdm  bAiid,  w,  i*  conu 
to  the  lever,  p,  aiul  regri«tfi«<«d  by  a  reoordiog^  ftppufttuR.  Tha  fluid  in  a  0£>in; 
witli  thAt  la  u,  thfl  tipper  lianft  of  vhii^h  u  nboire  that  in  ji.  The  chief  alte 
Tolume  an  due  to  tJ^liimllQii  In  tbo  blood  oiTntained  In  the  aTm^  Whoi  tbi^ 
infirttiBcd,  fliiid  psflMS  oat  of  ^^  ^\mm  cylindw,  mid  tlift  Ictw,  o,  •!«  »  " 
yilv^n  H  d»xeaifti  takes  pliioe  the  fluid  ntume  Bgun  fttjm  s  ta  a.  It  will  €b> 
^\\dimt  that  the  Appiuntua  is  capable  of  i«oomiag-  altentkiH  of  tha  volitBti 
in  the  arm. 

the  ijeripheml  end  of  the  nerve  ie  then  stimulated,  the  vest 
dilated^  as  the  conatrictor  fibres  degenerate  earliest,  and 
gets  a  re^iult  due  to  the  stimulation  of  the  still  intact  dilatator 

2.  The  metlMHl  0/  dowly  interrupted  ihocki,~U  a  mixed 
ia  stimulated  with  the  usual  rapidly  iotermpted  faradic  ci 
the  effect  is  oonRtriotiou ;  but  if  the  induction  shocks  ai 
in  at  long  intervals  {e,^^  at  intervals  of  a  second),  vaso-di 
effects  are  obtained.  This  can  be  readily  demons tm ted  i 
kidney  vessels  by  stimulation  of  the  anterior  root  of  the  eli 
thoraeio  nerve  in  the  two  ways  jnst  indicated. 

The  action  of  vaso-motor  nerves  can  be  studied  in  &■ 
way  than  by  the  use  of  the  mercurial  or  other  forms  of 
meter,  which  is  the  only  method  we  have  considered  i 
The  second  method,  which  is  often  used  together  wit 
manometerj  consists  in  the  use  of  an  instrument  whio 
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fttioutt   m  the  valume  of  any  limbp  or  oi^an  of  an  auimal 
(h   au    itiatrunient    is   called   a   plethysmograpb.     One   of 
,|bc«e  intitraiiieiiU  appltad  to  the  human  lum  is  sliown  in  the 

tsompaiiviiig  fi^mrf  ♦ 
K^ei^  tiiiio  the  arm  expands  with  every  hearths  systole,  a  little 
of  the  fluid  in  the  plethysmogniph  m  ex|>elled  and  raises  the 
l4nr«r.  Variations  in  volume  duo  to  respiration  are  also  seen  in 
^e  tnicing.  An  air  pk-thysmognvph  connected  tu  a  Marej^s 
abuur  give^  equally  good  results. 


k.  isir|.— Diagmm  of  Boj*!  Oneometi  ^ 

two  idiunben  fot^Ed  b^  m^^Dbrrv 
dbmped  betwwn  thtj  oiitnide  tDet:: 
bBi4#,  fb«  twci  beinf^  trmly  Hcrewr . : 
iMnutu  diunber  below  u  filled  wilh  n 


■atfi  the  kJdiLii?f  enclofwd  In  a.  raetal  hux, 
ud  duct.  Burroundiuft  the  lida«7  «» 
.4a  of  whic^b  rav  UrmXy  ftxt-d  bj-  beintf 
nti  out  fuot  nppreoentid  in  tbi?  flgut*) 
y  wrewa  at  A,  Mid  b>eJo**  ITie  roem- 
ins?  umoniit  of  vrarm  uil,  oec^rdioi^  to 
rhp  (ipi'oing,  then  ch.m^  with  the 


p^L  Afl0^  the  kidiu^  hsM  bceti  enclf^'w  <]  in  t.hi  cmHiu^e,  the  mrtnbtianrjuB  ph&mbei* 
kbnrfi  li  flltpd  witli  tirmmt  oil  thmug-h  the  tube  ^»  vhloh  ii  thea  cb  tdcd  by  a  t*p  i  not 
{«fit«^ted  lo  the  diimmi ;  tht-  tube  J  commimioAtM  with  A  ptwirOini^  *ppii*ti«, 
tm  Mr  allertttiria  in  ln&  volumi?  of  thii  kidnay^  U  fiODLmimlcmted  h^  the  oU  Id  the  tub« 
to  tbe  dhAtober  dofiite  Qaoofltmpb,  %.  tSf. 

The  aaaje  instmment  in  a  modified  fonn  applied  to  iineh  organs 
;  the  apleen  and  kidney  m  generally  called  an  oncometer^  and 
be  recording  pai*t  of  the  apparatuHj  the  oncograph.  These 
istrunients  we  owe  to  Prof.  Roy,  and  the  next  two  figures  represeut 
iftpectively  sections  of  the  kidney  oncometer  and  oncograph. 
Fjicli  cont^iyts  of  a  metal  capsule,  of  shape  suitable  to  enclose 
he  organ ;  its  two  luilvee  are  jointed  together,  and  fit  aecui^tely 
ni:t!pt  at  one  opening  which  h  left  for  the  vessels  of  the  organ. 
A  ilelicate  membrane  is  att^iehetl  to  the  rim  of  each  half,  the 
space  between  which  and  the  metal  is  filled  with  warui  oLL     The 
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tabe  from  the  oncometer  is  comiected  to  the  oil ■  containing  t 
of  the  oncograph  by  a  tube  also  oou twining  oiL  An  inc 
the  vohime  of  the  orguti  s^ineezes  the  oil  out  of  tlie  ona 
into  the  oocogrupb  and  so  produces  a  rise  of  the  oneogiuphp 
and  lever  ;  a  eontnictioii  of  tlie  orjrau  produces  a  fall  of  the  Id 
Very  good  results  are  obtained  by  using  saline  solution  iiisti 
of  oil  I  and  Prof.  Scbafer  has  recently  shown  in  connecting  wHIi 
the  spleen  that  a  8[jleen  bos  of  simple  shape  covered  uith  a  ^\bj^ 
plate,  made  ajr  tifj:ht  with  vaKeline,  except  where  »t  eoiiimunioitei 
by  a  tube  with  a  Marey's  tumijour,  gives  a  far  more  delicate  rwohi 
of  the  splenic  alteratioufi  of  volume  than  the  oil  oncometer. 


: 


Fig,  aSi,— fioj^i  Onoogimph,  ot  apparstufl  for  teconfiug  «lt«Tfttimui  m  the  r^lumf  ti  (k*l 
IddiieT*  &c.*  wsbown  pytlieoiiconict^r— <i^  upright,  tfuppoHJug  rooording  kwi^wliii| 
is  niiied  tit  luwi^red  bf  n^^It^  b,  vhidb  wucks  thjrou^h  /,  and  whl^  b  AJtikcbad  to  Ik 
pkLOD  e,  wovkiog  in  tht'  chmaber  d,  with  which  tli4^  tubi^  fTtim  t&«  oooomcter  «e» 
nmnicat^.  The  oil  La  p^rErvented  trutn  bein^  HquL'«£<>d  out  nm  the  piiitDti  daeeoiiibf  n 
tttembnui^,  which  i^  cliftmiKd  bt^tweeo  th«  ling-tthAiKd  xuxiwom  of  cjlindia' bf  tin 
wavw  i  wQikkig  upw^rdji  \  thp  tub*  k  i»  fur  fiUmg  the  imttrumjeat 

If  now  we  arc  investigating  the  action  of  the  anterior  root  o! 
eleventh  thoracic  nerve  on  the  vessels  of  the  kidney,  a  tracing  in 
taken  simultaneously  of  the  arterial  blood-pressure  in  the  carotidf 
and  of  the  v<ihiine  of  the  kidney  by  the  oncometer.  On  utitiiu* 
lating  the  ncnx*  rapidly,  there  is  a  slight  rise  of  arterial  preaaiire, 
but  a  hirgc  fall  of  the  oncograph  lever  showing  that  the  kidn^v 
has  diminished  in  volume.  It  is  evident  that  there  must  be  aa 
active  contraction  of  the  arterioles  of  the  kidney,  causing  it  to 
diminish  in  size,  for  the  blood-pressure  tracing  shows  that  there 
ia  no  far  hire  of  the  lieart'a  activity  to  account  for  it* 

We  shall  return  to  the  subject  of  the  oncometer  in  connecHon 
with  the  spleen  and  kidney. 

The  vaao-motor  nervous  system  is  influenced  to  some  extent  hji 
eoudltions  of  the  cerebrum,  some  emotions,  such  as  fear^  ch using 
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prillor    (vasoeonstrictioii),    and    others    cau^inir    blushinir    (vaso- 
d  limitation). 

It  is  almost  impossible  to  over-estimate  the  importance  of  the 
sti-idy  of  yaso-motor  phenomena,  as  a  means  of  explaining  certain 
p£it.hological  conditions ;  our  knowledge  of  the  processes  concerned 
ia    •dnflammation  is  a  case  in  point. 

Disorders  of  the  vessels  due  to  vaso-motor  disturbances  are 
generally  called  angto^euroses.  Of  these  we  may  mention  the 
following : — 

Tache  cMbrale  is  due  to  abnormal  sensitiveness  of  the  vascular 
nerves ;  drawing  the  finger-nail  across  the  skin  causes  an  imme- 
diate wheals  or  at  least  a  red  mark  that  lasts  a  considerable  time. 
^*  one  time  this  was  considered  characteristic  of  affections  of 
the  cerebral  meninges  like  tubercular  meningitis,  and  was  conse- 
quently called  the  "meningeal  streak."  It,  however,  occurs  in  a 
^^rtety  of  pathological  conditions  of  the  nervous  system  both 
^^^bral  and  spinal. 

In  certain  conditions  which  lead  to  an^na  pectoris  the  pain  in 
^©  heart  is  due  to  its  being  unable  to  overcome  an  immense 
P^^'ipheral  resistance,  and  the  condition  is  relieved  by  tlie  adminis- 
^tion  of  drugs  like  amyl-nitrite  or  nitro-glycerinc,  which  relax 
**^  vessels  and  cause  universal  blushing. 

-RaynawTs  diseaw  is  one  in  which  there  is  a  localised  constric- 
r*^^  of  the  vessels  which  is  so  effectual  as  to  entirely  cut  off  the 
*^*Oo<3  supply  to  the  capillary  areas  beyond,  and  if  tliis  lasts  any 
^'^^^iderable  time  may  lead  to  gangrene  of  the  parts  in  question. 
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^^  "^s  the  blood  circulates  through    the   capillary  blood-vessels 
l^»  ^^«  of  its  liquid  constituents  exude  through  the  thin  walls  of 


^  le  vessels,  carrying  nutriment  to  the  tissue  elements.     This 

^  ^^ation  is  c<illed  lymph ;  it  receives  from  the  tissues  the  pro- 
,^^j^?^taof  their  activity,  and  is  collected  by  the  lymph  channels, 
^*^i«h  converge  to  the  thoracic  duct — the  main  lynii)hatic  vessel 
^  ^.nd  thus  the  lymph  once  more  re-enters  the  blood -stream  near 
t,he  entrance  of  the  large  systemic  veins  into  the  right  auricle. 
^Y^  ^Xjymph  is  a  fluid,  which  comes  into  much  more  intimate  relation- 
^^^|J  with  metabolic  processes  in  the  tissues  than  the  blood ;  in 
^"^^  tiiere  is  only  one  situation — the  spleen — where  the  blood 


^, 
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comc8  into  actunl  contiict  with  ttio  elements — that  ii,  cells,  6bm^ 
<tc. — of  a  tia«iie. 

Composition  of  Lymph. 

Lymph  h  alkaline  ;  ita  specific  gravity  is  alx>ut  1015,  and  aft« 
it  leaves  the  vesaela  it  clots,  forming  a  colourless  coafrubm  d 
fibrin.  It  m  like  blood- plasma  in  compoi^Ltion,  oulj  diluted  ^fsr 
as  its  proteid  couatituonts  are  ccnicerned.  This  is  due  to  the  fict 
that  proteids  do  not  paas  readily  through  membranes.  The 
proteids  prffs^^ut  are  called  fihrinogm^  ierttm  (floimlin^  and  mrnr, 
albumin;  these  we  shall  study  with  the  blood-plasma.  The  Ktlti 
are  similar  U>  those  of  blood'j)lasnm,  a«d  are  present  in  the  saa» 
proportionsi.  The  waste-  products,  like  earbonic  acid  and  um, 
are  more  aljundant  in  lymph  than  in  blood.  The  total  amouuirf 
solids  dissolved  in  lymph  is  abont  6  per  cent.,  more  tha:i  half  cl 
which  is  p^kteid  in  nature. 

When  exauiiue<l  with  the  micmscop©  the  tmnaparent  lytnph 
found  to  contain  colourless  corpuscles,  which  are  called  lymphoc^i 
these  are  cells  with  hirge  nuclei  and   comparati^^ely  little  pi 
plasm.     They  pass  with  the  lympli  into  the  blood,  where  tl 
undergo  growth,  and  are  ealle^i  leucoeytt^. 

All  the  lymphatics  pass  at  some  point  of  their  course  thwwgk 
lymphatic  glands,  which  are  the  factories  of  these  corpuscH 
Lymphocytes  also  pass  into  the  lymph  stream  wherever  lymphcid 
tissue  is  found,  as  in  the  tonsils,  thymus,  Malpighiaii  bodies  of 
the  spleen,  Teyer's  patches,  and  the  solitary  glands  of  the  intestiue. 
The  lymph  that  leaves  these  tissues  is  richer  in  lymph-cells  thin 
that  which  enters  tlietn. 

When  lymph  is  collected  from  the  thoracic  duct  after  a  mol 
containing  fat,  it  is  found  to  be  milky.  This  is  due  to  tli« 
presence  in  the  lymph  of  minutely  subdivided  fat  pardclee  | 
absorbed  from  the  interior  of  the  alimentary  canal.  The  lymph 
is  then  called  chyle.  The  fat  particles  constitute  what  used  to  be 
called  the  molecidar  Urns  of  chyle.  If  the  abdomen  is  opened 
during  the  process  of  fat  absorption,  the  lymphatics  are  seen  as 
white  lines,  due  to  their  containing  this  milky  fluid.  They  are 
consequently  called  1  actuals. 

The  stnicture  and  arrangement  of  the  lymphatic  vessels  are 
given  in  Chapter  XVI I L,  and  we  have  now  to  proceed  to  the 
study  of  the  structure  of 

The  Lymphatic  Glands. 

Lymphatic  glands  are  round  or  oval  bodies  varying  in  size 
from  a  hemp-seed  to  a  beaxv,  \tvt^T^^Qd  m  t.h«  courae  of  the 
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Emphatic  vi^isels,  and  through   which  the  Ijniph   paswes  in  it8 
Utm  to  ho  discharretl  into  the  blotxl-vesaels.     They  are  foiiiid 


fe  si;. — 8eeSioii  of  n  mmtmt&ia  gland  ttum.  the  odl,  uliflitly  ma^ifled.    d,  Gtitiu  ;  &  {In 
b  tib«_QiDtiml  put  of  1^«  flgiii¥)t  mediiU&rf  iialwtaBK ;   c^  cortical   subirtMiice    with 


■JTcolj;  (f,  Apmlc.    {Ki>llik:er.) 

^  great  numbers  in  the  mBBeiitery,  and  along  the  great  vessels 
tthe  abdomen^  thorax^  and  neck  ;  hi  the  axilla  and  groin ;  a  few 


,  lis,  — XHiffiimuiJitie section  of  lyjnph*tf r i^l'^ad^  a  f,,u Wvjvnt ;  ^J,,  vfltvreiat  IfrnjihA-- 
tioB*  C,  eotrtJoil  vubBUAae;  Lh.,  lytuphnid  tirtitUf] ;  Lm.^  Irmph-^pnih ;  c.«  ttbrumi 
e«iprule  ftcadiiag  in  tnbetruilii&  tr,  into  ^e  fulwt&aee  of  ihe  gUimd.    ^HhAriwjr^ 

in  the  j^plitesil  spaee,  but  not  further  down  the  leg,  and  in  the 
ami  as  far  as  the  elbow. 

A    lympliatjc    gland    m    covered    externally    by   a    cftpaule    of 
iKitmectire-tiaBue,  generally  con  tain  hi  g   some    iniHtriped    muscle. 
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At  the  inner  side  of  the  gland,  which  in  Bomcwh&t  eouei^ 
(Ai7ti«),  (fig.  285),  the  ca|)«iile  sends  in  wards  proee«ee  a^ 
trabfcul(¥  in  which  the  blood- vesaela  are  contained,  and  tboe 
join  with  other  proce»aes  prolonged  from  the  inner  aurface  of  tit 
part  of  the  cJipSiulc  covering  the  cony  ex  or  outer  part  of  tW 
gland  ;  thev  hiive  a  struct ure  Himilar  to  that  of  the  capiule,  inj 
entering  the  inland  from  all  Bides,  and  freely  oommunicatiag,  Ebtm 
a   fibrons   scufTolding,     The   interior    of   the   gland   is  wen  tv 


F%.  187.— A  xmmn  inrtkm  of  E:tedti]lBi7  substmtire  fmm  *  imaurteric  slund  M  tbt  at 
«(,  d^  timlKx-uliii ;  fl,  put  of  *  ciord  of  lp&phi4d  ti?firae  froia  vtikh  all  Bat  t,  f cir  of  tht 
Ipnph-eoijqiHjH  hair  1k<cii  hhaIk^  oat  ta  aIiow  its  «nt|jpgitiw  xDedtworl;  d  nrtifta 
tiHoe  and  it«  t^paiuy  hlond-miiFl«  ^ vliicfa  hhm  bMfi  inlMfi^  A&d  »»  dut  ia  fti 
flevre' :  K  K  XrmA^^ih,  of  Thkh  iht  retifoTm  twrnn  t*  rapnKnittd  atitr  Ht^t. 
X  joo.    ^EoUikexJ 

section,  even  when  examined  with  the  naked  eye,  to  be  made  up  of 
two  parts,  an  outer  or  c*>rtical,  which  is  light  coloured,  and  an 
inner  or  mn/if/Ain/  pK»rtion  of  redder  a}>pearance  (figs.  285,  286). 
In  the  outer  i^rt,  or  cortex,  of  the  gland  (tig.  286)  the  intervals 
between  the  trabeculie  are  large  and  regular :  they  are  termed 
aiveoii ;  whilst  in  the  more  tvntrul  or  medullary  part  is  a  finer 
OMfehwork  formed  by  an  irregular  anastomosis  of  the  trabecular 
Within  the  alveoli  of  the  cortex  and  in  the  meshwork 
by  the  trabeculie  in  the  medulla,  is  contained  lymphoid 
} ;  this  occajaes  iVie  ceuxx%\  v*^  ^  ^^^^  ^^«KJin&  \  Vmi  it  tht 


THE   LYMPH    FLOW 


llipli«n%  ttorfouodJtig  the  ceutral  portion  and  Immediately  next 
^  CBjjtinle  and  trabecular  is  a  more  open  mesh  work  of  retiform 
»tie  coosututitig  the  l^mph-jxtthf  ixud  oontaiuinp;  but  few  lymph- 
p^itAcles.  At  the  inner  part  of  the  alveolus,  the  central  mum 
jridefi  into  two  or  uiore  suialler  ro untied  or  cord- like  niaiiseH 
pch,  joining  with  tlioae  from  the  other  alveoli,  form  h  much 
fg/et  anungemeut  than  in  the  cortex  ;  ajjacea  (fig.  287,  It)  are 
k  within  those  auaijtomosiug  cords,  in  which  are  found  portions 
tbe  trabecular  meahwork  and  the  eotitinnutiou  of  the  lymph 'path. 
The  lymph  enters  the  gland  by  severul  afferent  vessels,  which 
prce  the  capsule  and  open  into  the  lymph-path  ;  at  the  same 
^  they  lay  aaide  all  their  co^its  except  the  endothelial  lining, 
|ich  m  eontinuoufi  with  the  lining  of  the  lymph-path.  The 
^ttti  vesiiels  begin  in  the  medullary  part  of  the  gland,  and  ate 
ptiauouH  with  the  lymph-path  here  aa  the  afferent  vessek  were 
Itb  the  cortical  portion  j  the  endothelium  of  one  is  eontinuoua 
fth  thut  of  the  other. 

vThe  efferent  vessels  leave  the  ghind  at  the  kihiBj  and  generally 
tr  at  oncej  or  very  soon  after,  join  together  to  fortn  a  single 

I  Blood' vessel  8  which  enter  and  leave  the  gland  at  the  hilus  are 
jy  distributed  to  the  tmbecidar  tissue  and  to  the  lymphoid 

Tlie  Lymph  Flow. 

I  The  flow  of  the  lymph  towards  the  point  of  Jt^j  discharge  into 
k  veins  is  brought  about  by  several  agencies.  With  the  help  of 
|C  mlvulat  mechanism  all  occasional  pressure  on  the  exterior 
hill!  IjmiJhatic  and  lacteal  vessels  propels  the  lymph  onward  ; 
im  muscular  and  other  external  pressure  accelerates  the  How  of 
^  lymph  as  it  does  tlmt  of  the  blood  in  the  veins.  Tlie  action 
I  the  muscular  fihrea  of  the  small  intestine,  and  the  layer  of 
Striped  muscle  present  in  each  intestinal  villus,  assist  in  pro- 
tiling  the  chyle ;  fur,  in  the  small  intestine  of  a  mouse,  the 
bk  has  been  seen  moving  with  intermittent  propulsious  that 
peipcud  with  the  peristaltic  movements  of  the  intestine.  But, 
r  the  general  propulsion  of  the  lymph  and  ehyle,  it  is  probable 
lit,  together  with  the  vis  a  tergo  resulting  from  extenial  pressure, 
Bae  of  the  force  may  be  derived  from  the  contractility  of  the 
}/mY%  own  walls.  The  respiratory  movements,  also,  favour  the 
irrent  of  lymph  through  the  thoracic  duct  as  they  do  the  current 
blood  iti  the  thoracic  veins, 

^ymph-Hearta.— In  re pt ilea  nnd  Bomy  birds,  an  important  aUKilitiiy  lo 
f  tntnctnetil  of  the  lyTiijih  and  chjk*  is  supplied  in  certain  nin^^culivr  sacs, 
1  lymph -heartt,  and  it  has  been  flhown  that  ihe  caudal  heart  of  the 
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eel  is  a  lympli-b(!ftrt  k\ao.  The  uamber  and  potiition  of  these  org^m  ^ 
In  frogs  and  toads  ther^  arc  usiiftlt^  four,  two  anterior  and  two  pwoiti 
Into  each  of  theAC  cnvition  svxvra.]  ljmphattc»  open,  the  oiiAccaof  t&T«^ 
being  giiardctl  hy  vaWest  which  jirevent  the  retrograde  passagf! of  tbetjmptL 
From  each  hcnrt  n  single  virssel  procteiJ**,  and  <»nTeya  the  lymph  dirntlt 
into  the  venoan  r?V!?tC'iiL  I3litihl  is  prevcutwi  from  j^ae^ing  into  the  IjrmijlBtk 
heart  by  a  valvt*  nt  iii^  oritir^cj. 

The  inusculi\r  ci»at  of  the?ic  l^eart^  itj  of  variable  tbickn&ss  ;  in  nom  m^ 
it  can  only  l>c  lUwnverod  by  mcan^  of  the  raicraecoj>e  ;  but  in  everj  oitit 
is  compostitJ  of  Hiripif<l  fibres.  The  wmtractions  of  the  hearts  are  rhjthmi^ 
occurring  aixmt  Mixty  timi-s  in  a  mitmtu.  The  pulsations  of  the  cxtiy 
pair  are  ncit  hIwu.vs  ^vnclirouou!^  with  tho^'  of  the  pair  in  the  linage 
region,  and  even  ihe  con'L^pouding  sacn  of  opposite  sides  are  not  tbnxi 
synchroiioiiH  in  f  lieir  iK^tioa. 

Unlike   (lie  cunt  met  iona  of  the  bjood-heart,  those  of  the  IjinjA^iBi 
appear  to  Vjo  diiemly  ilepcudenr  u^njii  a  certain  liinitCii  portion  of  thei|K^ 
cord.     For  Yolkmaun   founsl   t  hai    ho   long  as  the  port i tin  of  «piiul  titi 
correspond irifr  ti>  rhi^  ihiM  verfthraof  the  fr<*|^  was  uninjurciJ,  the  cmial 
pair  of  hnijihrttif:  ht  rirti*  c«>nliiuiiHl  pubiatiiip^  aFrer  all  the  rest  of  theipbit 
cord  and  the  bmin  wtsre  ilestn^yed  ;  while  de^itrdction  of  this  portioo, 
though   all  oilR'r  i>arts  of  the  nervous  centres  were  uniniurcih  iDit4nfi| 
arrest etl  the  heurJ>*  riiovenient>*.    The  pofcterior,  or  ischiadic,  ^Joir  oE  Ijaijj 
iiwirts  wen*  fipuiid  to  Ix.*  ^.irerned,  in  like  uiarmi^r,  by  the  i>ortion  of 
cord  corrcspniidiiig  r^^  the  eighth  vertebra.     DiTiaion  of  the  posterior 
roots  did  ntit  arft-sr  the  movements  \  but  dhisiou  uf  the  anterior  rocrtu 
them  to  ceiLfiL^  ar  om^e. 

iHnerratwfi  ttf  the  Thurtwie  Duvi. — By  dcteiTaining  the  rate  of  outflow 
a  tiuid  at  cnnKt'ant  prt>!tnure  pacing  through  the  thom^ic  duct  Canini  n 
Gley  have  ohiainesl  evidence  of  the  presence  of  nenei,  causing  both  dilit» 
tion  and  const  rietii>n  of  the  duct.     Thefie  are  contained  in  the  ejmpattMtfe  i 
chain   l>elow   ihu   ih-at  tiioraelc   ganglion.      The   efft'Ct  of    stimulatiofl  i  I 
principally  dilatation. 

B  elation  of  Lymph  and  Blood. 

The  volume  of  blood  in  the  body  reinaina  remarkably  coustant 
J  f  the  amount  is  increased  by  injection  of  fluids,  at  first  iti 
specific  gravity  is  lessened,  but  in  a  short  time,  often  in  a  few 
minutes,  it  returns  to  the  normal.  The  excess  of  fluid  is  got  rid 
of  in  two  ways:  (i)  by  the  kidneys,  which  secrete  profusely;  and 
(2)  by  the  tissues,  which  Ijecome  more  watery  in  consequence. 
After  the  renal  arteries  arc  ligatured,  and  the  kidney  is  conse- 
quently thrown  out  of  action,  the  excess  of  water  passes  only  into 
the  tissues. 

On  the  other  hand,  a  deficiency  of  blood  (for  instance,  aftei 
luemorrluige)  is  soon  remedied  V»y  a  transfer  of  water  from  the 
tissues  to  the  blood  through  the  intermediation  of  the  lymph. 

Formation  of  Lymph. 

Carl  Ludwig  tauglit  that  the  lymph  flow  is  conditioned  by  tw« 
factors :  first,  differences  in  the  pressure  of  the  blood  iu  tli 
capillaries  and  of  the  fluid  in  the  tissue  spaces,  giving  rise  to  i 
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filtration  of  fluid  through  the  capillary  walls;  and  secondly, 
chemical  differences  between  these  two  fluids,  setting  up  osmotic 
interchanges  through  the  wall  of  the  blood-vessel. 

Otmofit. — ^The  phenomenon  of  the  passage  of  fluids  through  animal 
membrane,  which  occutb  quite  independently  of  vital  conditions,  was  first 
demonstrated  by  Dutrochet.  The  instrument  which  he  employe<I  in  his 
experiments  was  named  an  endasmometer.  One  form  of  this,  represented  in  the 
figure  (fig.  288),  consists  of  a  graduate<l  tube  expanded  into  an  open-mouthed 
bell  at  one  end,  over  which  a  portion  of  membrane  is  tied.  If  the  bell  is  filled 
^th  a.  solution  of  a  salt — say  sodium  chloride— and  is  immersed  in  water,  the 
water  wll  pass  into  the  solution,  and  part  of  the  salt  will  pass  out  into  the 
'^ter  ;  the  water,  however,  will  pass  into  the  solution  much  more  rapidly 
than  the  salt  will  pass  out  into  the  water,  and  the  dilute<l  s<.)lution  will  rise 
in  the  tube.  It  is  to  this  passage  of  fluids  through  membmne  that  the  terms 
**jjy*»<  and  osmotU  are  applied. 

The  nature  of  the  membrane  used  as  a  septum,  and  its  affinity  for  the 
flnida^  fsubjected  to  experiment,  have  an  important  influence,  as  might  be 
anticipated,  on  the  rapidity  and  duration  of  the  osmotic  current.  Thus,  if  a 
piece  of  ordinary  blaclder  be  used  as  a  septum  between  water  and  alcohol, 
the  ctirreot  is  almost  solely  from  the  water  to  the  alcohol,  on  account  of  the 
muca  greater  affinity  of  water  for  this  kind  of  membrane  ;  while,  on  the 
.  ^°*^  Hand,  in  the  case  of  a  membrane  of  caoutchouc,  the  alcohol,  from  its 
P^JJ^TT  affinity  for  this  substance,  would  pass  freely  into  the  water. 
J^^  general  question  of  osmosis  will  be  more  fully  discussed  in  relation  to 
«e  Work  of  the  kidney  (p.  627,  see  also  p.  38H). 

*^  t;he  lymph  is  produced  by  a  simple  act  of  filtration,  then  the 
■"^^^iit  of  lymph   must  rise  and  sink  with   the 
^'i^  of  D — d  y  D  representing  the  capillary  blood- 
P^'^^Ure,  and  d  the  pressure  in  the  tissue  spaces. 

^^  support  of  this  mechanical  theory,  various 
workers  in  Ludwig's  laboratory  showed  that  in- 
^*^^od  capillary  pressure  due  to  obstruction  of 
"*e  Venous  outflow  incL*eases  the  amount  of  lymph 
'oniaed  ;  and  that  diminution  of  the  pressure  in 
^®  lymph  spaces,  by  squeezing  out  the  lymph 
previQiiaiy  contained  in  them,  leads  to  an  increase 
*^  tHe  transudation. 

^O.  the  other  hand,  there  were  some  facts  which 
^'^■^  not  bo  well  explained  by  the  filtration  theory, 
f'Jiong  which  may  be  mentioned  the  action  of  curare 
m  Ci^-^gjjjg  ^^  increase  of  lymph  flow. 

'^^eidenhain  was  the  first  to  fully  recognise  that 
7^®  laws  of  filtration  and  osmosis  as  applied  to 
^^^  membranes  may  be  considerably  modified 
^hei>  the  membranes  are  composed  of  living  cells ; 
^^*  he  considered  that  the  formation  of  lymph  is 
^^^  to  the  selective  or  secretory  activity  of  the 
^^^othelial  walls  of  the  capillaries.     This  so-called  vital  action  of 

"^®  endothelial  cells  is  seen  in  the  fact  that  after  the  injection 


Fig.  288.  ~En- 
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of  sugar  into  the  blood,  in  a  short  time  the  percentage  of  aogi 
in  the  lymph  becomes  higher  than  that  in  the  blood.  There  mm 
therefore,  be  some  activity  of  the  endothelial  cells  in  picking  oi 
the  sugar  from  the  blood  and  passing  it  on  to  the  lymph. 

Heidenhain  is  also  the  inventor  of  the  term  lymphagaifi 
(literally  lymph  drivers).  These  are  substances  like  curare,  wbi 
have  a  specific  action  in  causing  an  increased  lymph  fie 
Heidenhain  considers  the  majority  of  these  act  by  stimulating  1 
endothelial  cells  to  activity.  This  conclusion,  however,  has  be 
subjected  to  much  criticism.  In  this  country  the  question  ] 
been  taken  up  by  Dr.  Starling,  who  has  shown  that  the  influa 
of  vital  action  is  not  so  marked  as  Heidenhain  supposes  it  to 
but  that  most  of  the  phenomena  in  connection  with  lya 
formation  can  be  explained  by  the  simpler  mechanical  thee 
The  question,  however,  is  just  now  much  under  discussion,  i 
without  pronouncing  a  definite  opinion  one  way  or  the  other, 
may  conclude  by  stating  briefly  the  view  held  by  Starling  on 
subject. 

The  amount  of  lymph  produced  in  any  part  depends  on  i 
factors : — 

1.  The  pressure  at  which  the  blood  is  flowing  through 
capillaries.     Heidenhain  took  the  arterial  pressure  in  his  eip 
ments  as  the  measure  of  the  capillary  pressure ;  Starling  poi 
out,  very  justly,  that  this  is  incorrect,  as  there  is  between 
arteries   and    the    capillaries   the   peripheral    resistance   in  ' 
arterioles. 

2.  The  permeability  of  the  capillary  wall.  This  vsi 
enormously  in  difFereut  regions;  it  is  greatest  in  the  liver, 
that  an  intracapillary  pressure  which  would  cause  lymph  to  fl 
here  is  without  effect  on  the  production  of  lymph  in  the  limbs. 

The  flow  of  lymph  may  therefore  be  increased  in  two  ways ; 

1.  By  increasing  the  intracapillary  pressure.  This  may 
done  locally  by  ligaturing  the  veins  of  an  organ ;  or  generally 
injecting  a  large  amount  of  fluid  into  the  circulation,  or  by  * 
injection  of  such  substances  as  sugar  and  salt  (Heidenhain's  fl 
class  of  lympluigogues)  into  the  blood.  These  attract  water  fr 
the  tissues  into  the  blood,  and  thus  increase  the  volume  of  < 
circulating  fluid  and  raise  the  intracapillary  pressure. 

2.  By  increasing  the  permeability  of  the  capillary  wall 
injuring  its  vitality.  This  may  be  done  locally  by  scalding 
part ;  or  generally,  by  injecting  certain  poisonous  substances,  sa 
as  peptone,  leech  extract,  decoction  of  mussels,  &c.  (Heidenhaii 
second  class  of  lymphagogues).  These  act  chiefly  on  the  liv 
capillaries ;  curare  acts  chiefly  on  the  limb  capillaries. 
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THE    DUCTLESS  GLANDS. 


TuK  ductleas  glauda  form  h  befcerogeiieoua  group  of  org&na^  most 
wfai€h  are  related  in  function  or  development  with  the  circula- 
sj^lem.  The  J  inclmle  the  lymphatic  glands,  the  spleen, 
Me  thymiui,  the  thyroid,  the  sitprarenal  cap^ules^  the  piueai 
iy,  tht?  pituitary  body,  and  the  carotid  and  eoceygeal  glands, 
be  futietiim  of  a  gland  that  has  a  duct  is  a  cod i para tivety  simple 
bysiologic^il  probtemt  Imt  the  use  of  ductless  glands  has  loug 
a  puzzle  to  investigators.  Recent  research  has,  however, 
bown  that  most  of,  if  not  all,  the  ductless  glands  do  form  a 
jcretion,  and  this  int^'md  s&yt'tttmiy  as  it  is  termed,  leaves  the 
ad  by  the  veiums  blood  or  lymph ^  and  thus  is  distributed  and 
ittiistefs  to  the  ueeds  of  putls  of  the  body  elsewhere.  Many  of 
b«  ghiudtt  which  [jossess  ducts  and  form  an  external  secretion, 
an  internal  secretion  as  well.  Among  these  the  liver, 
mcreas,  ami  kidney  may  l>e  mentioned, 

Iii  many  cases  the  internal  secretion  is  essential  for  hfe,  and 

Qoval  of  the  gland  tliat  foiins  it,  leads  to  a  condition  of  disease 

llinintiting  in  death.      In  other  ctises  the  internal  secretion  is 

essential  J  or  its  place  ia  taken  by  that  formed  iu  similar 

l^nds  ill  other  i>arts  of  the  body. 

Tlie  body  is  a  complex  machine  ;  each  part  of  the  machine  has 

htt  owii  work  to  do,  but  must  work    harmoniouely    with  other 

P|>iirts.     Just  as  a  watch  will  stop  if  any  of  its  numerous  wheels 

(ft!l  broken,  ao  the  metiilmlic  cycle  will  become  disarranged  or 

i'lSKM*  altogether  if  any  of  the  hnks  in  the  chain  break  down. 

In  unmvelling  the  part  which  the  ductlesa  glands  play  in  this 
^ele^  it  is  at  present  impossible  In  many  cases  to  state  precisely 
that  the  {>articular  function  of  each  is ;  all  one  can  say  is,  when 
the  gland  is  removed  or  its  function  interfered  with,  that  the 
metatiohc  round  is  broken  somehow,  and  that  this  npett*  the 
whole  of  the  machinery  of  the  body.  The  ditticulty  of  investi- 
gating this  subject  is  increased  by  the  fact  that  it  is  impossible 
te  get  the  iutenjal  secretion  in  a  state  of  purity  and  examine  it; 
it  is  always  mixed  with^  atid  masked  by,  the  lymph  or  blood  into 
which  it  i»  poured. 

la  spite  of  thiii,  however,  o\ir  knowledge  in   this  branch  of 
pbygitilogy  ik  increfusing,  jwtrticularly   in  connection   with  some  of 
theae  ductless  gland  a.     The  methods  of  investigation  which  have 
lAecu  ctnploycd  are  the  follo\\  ing  : — 


3»4 

1.  Hxtirpatimi..— The  glaud  in  question  is  remaved,  itid  tl^ 
effect  of  the  absence  of  the  internal  aecretion  noted* 

2.  Disea^^i'. — In  cases  \^'Vjere  the  function  of  the  gUnd  is  i> 
abeyance,  owing  t«  its  being  diseiiseti,  tlie  symptoms  areLJi.r.^ 
observed. 

3.  Injection  of  Extract b. — ^The  gland  is  taken  in  a  freith  ixaa^ 
tion ;  an  extract  is  made  of  it,  and  this  is  injeeted  into  tlte 
circulation  of  healthy  animah,  and  into  that  of  those  animili 
from  which  tlio  grland  has  Iwen  previously  removed,  and  tbe  effecti 
watched. 

4.  Trampiaiitattojh — After  the  inland  is  removed  and  tbe 
usual  eflfect  prodncedj  the  aame  ghind  from  another  animal  ^ 
transplanted  into  the  iirat  animal  and  restoration  of  functioo 
looked  for. 

The  case  of  the  lymphatic  glands  we  have  already  itudied; 
they  form  an  internal  secretion  which  cotit*ii*U  of  lymph-cells,  aM 
these  furnish  the  blood  with  its  most  important  bupply  of  colour 
less  corpuscles.  Removal  of  lymphatic  glands  is  tiot  fatal,  as  the 
other  lymphatic  glands  and  other  coUectiouN  of  lymphoid  timm 
that  remain  behind  carry  on  the  work  of  those  that  are 
removed. 

The  Spleen, 

The  Spleen  is  the  largest  of  tlic  ductless  glands  ;  it  is  situated 
to  the  left  of  the  stomach,  between  it  and  the  diaphragm.  It 
is  of  a  deep  red  colour  and  of  variable  shape.  Vessels  enter  and 
leave  the  gland  at  a  depression  on  the  inner  side  called  the  hilu 

Structvre. — The  spleen  is  covered  externally  almost  completely 
by  a  serous  coat  derived  from  the  peritoneum,  while  within  th« 
is  the  proper  fibrous  coat  or  capsule  of  the  organ.  The  latter 
is  composed  of  connective-tissue,  with  a  large  preponderance  of 
elastic  fibres  and  a  certain  proportion  of  unstriated  muscular 
tissue.  Prolonged  from  its  inner  surface  are  fibrous  processes  or 
trabfculcey  containing  much  unstriated  muscle,  which  enter  the 
interior  of  the  organ  and,  dividing  and  anastomosing  in  all  parts, 
form  a  supporting  framework  in  the  interstices  of  which  the 
proper  substance  of  the  spleen  {spleen-pulp)  is  contained. 

At  the  hilus  of  the  spleen,  the  blood-vessels,  nerves,  and  lym- 
phatics enter  or  leave,  and  the  fibrous  coat  is  prolonged  into  the 
spleen  substance  in  the  fonn  of  investing  sheaths  for  the  arteries 
and  veins,  which  sheaths  again  are  continuous  with  the  trabeculse 
before- referred  to. 

The  Mplfen-pulpy  which  is  of  a  dark  red  or  reddish-brown  colour, 
iscoDipoeed  chiefly  of  colls,  iml>eddc<l  in  a  network  formed  of  fibres, 
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be  bmnchiDgs  of  large  nvicleated  cells*  The  network  m 
I  IB  thus  very  like  a  coarse  kind  of  retiforui  tisatic*  The 
of  thk  iR*t\vork  are  only  pnrtifilly  occupied  by  celb  and  form 
ly  connmtnieMiug  systetii*  Of  the  cells  some  are  ;^ramilar 
sclts  re^etubhnj?  the  lyniph-<jorpu«cIea,  Ijoth  in  genenil  appear- 
ed ill  beinir  able  to  perforni  amcehold  movements ;  others 


J,— SBetion  of  injected  doe^B  wpleea.  r,  c«p»ule ;  (r,  t^ab<^cul» ;  m,  twolf  Alpierhifui 
liiM  with  niunerom^  vmiUI  mrtDdcs  umI  capiUftrieR ;  <■>  artery ;  t^  ijmphmd  tunie, 
sd*tmif  of  uli:»ely*^okod  lympbriid  imjIIh  HuppcirttHl  by  very  dvUefite  i^tifuirm  tiHiic  ; 
tchi  Hui'f  uTi*Mii?tjpind  bj^  h'Hh  U  «frMi  aJI  mimd  this  tmbeaulj^^  whicb  correNpotidii 


$ 


blood-corpuseletj    of    nortiiiil    nppearanoc    or    variously 
;   wiiile  there  are  alsi>  largf   coIIk   contaiuiug  either  a 
int  albeii  to  the  colouring  uiatter  of  the  blood,  or  rounded 
scles  like  red  corpuscleM. 

e  jiptenic  artery,  after  entering  tho  spleen  by  its  concave 
[;e,  divides  and  su>KiivideSj  with  but  little  aDaatomosiS 
»ea  its  branches  ;  at  tbe  tsame  time  its  branchi'S  are  sheathed 
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by  the  proIougationH  of  the  fibrous  co&t,  which  thejp  so  to  ipc4 
carry  into  the  spleen  with  them.  The  arteries  soon  lta.H  tk 
trabecule,  and  their  outer  coat  is  thoti  replaced  by  one  q{  W 
phoid  tissue;  they  end  iti  an  opeu  brush  work  of  capillariei^  thi 
endothelial  oells  of  which  becomo  coutitiuous  with  thc«e  of  ]j^ 
rtte  of  tlie  spleen-pulp.  The  veins  be^u  by  a  sioiilar  openietirf 
capillaries  from  the  Inrge  blood  apsicea  of  the  pulp.  TlitTpiQi 
soon  pass  into  the  tmbeculset  and  ultimately  unite  to  fonn  tbe 
splenic  veil  i .  This  arraiigemeut  readily  allows  lymphoid  and  other 
corpuscles  to  bo  swept  into  the  blood-current. 

On  the  face  of  a  section  of  the  spleen  cm 
be  usually  seeu  readily  with  the  naked  eje^ 
Q\v  ^y       mimite,   scattered  rounded  or  oval  wbitidi 
^^^Y^^^^^'^^k        H^^%  mostly  from  ^^  to  ^V  <nc^  (I  to  I  mm.! 
^^^   -'V—J^^     "*  diameter.     These  are  the  Afnipi^hian  tor^ 
'^6     Q  "^JL  "    pit^i€s  of  the  spleen,  and  are  situated  ob 
_i  _^  ^    K  <}      the  sheaths  of  the  minute  splenic  art^noL 
~^Qyol  ^X       They  are   in  fact   outgrowths  of  the  ouiei 
V    ~-G(^  iir?       coat  of  lymphoid  tissue  just  referred  ia  (see 
fig.  291),     Blood  capillaries  traverse  the  Mai* 
Fig.  joo.-Reticuii™  erf  tbe  PJg*»i»ii  corpuscles  and  form  a  pleiua  in  their 
spIwHi  of  a  ofct  *bftwn  by  iuterior.       The  structure  of   a  Malpiifhii 

injection  with  gvUtme.  .         .   ^.  ,  .  ^*      11       j 

,CmdiMt.  corpuscle  of  the  spleen  is  practically  idea* 

tical  with  that  of  a  lymphoid  nodule. 

Functions. — These  are  the  following : — 

(i.)  The  spleen,  like  the  lymphatic  glands,  is  engaged  in  <A^ 
fonnation  of  colourless  blood-corpuscles.  For  it  is  qiute  certain,  that 
the  bkxHi  of  the  splenic  vein  contains  an  unusually  large  proportion 
of  white  corpiisclos ;  and  in  the  disease  termed  leucoeythcemia^  in 
which  the  white  corpuscles  of  the  blood  are  remarkably  increased 
in  numl>or,  there  is  found  a  hypertrophied  condition  of  the  spleen, 
especially  of  the  Malpighian  corpuscles.  The  white  corpuscles 
formed  in  the  spleen  also  doubtless  partly  leave  that  organ  by 
lymphatic  vessels. 

By  stimulatuig  the  spleen  to  contract  in  a  case  of  splenic 
leuMx^ytluemia  by  means  of  an  electric  current  applied  over  it 
through  the  skin,  the  number  of  leucocytes  in  the  blood  is  almost 
immediately  increased. 

Removal  of  the  spleen  is  not  fatal :  but  after  its  removal  there  is 
aa  ovwgiowth  of  the  lymphatic  glands  ti>  make  up  for  its  absence. 

(a.)  It  fonns  co/on nvf  corpuscUs.  at  any  rate,  in  some  animals ; 
■la  H!*l"*fiK  ^^  ^^^  found  in  the  spleen  similar  to  those  we 
leribed  in  red  marrow,  and  called  k't-maioUasts,  In  these 
if  Am  apleeii  i«  removed,  the  red  marrow  hypertrophies. 
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'3,)  There  m  reason  to  believe  that  in  the  spleen  many  of  the 
tm*pu$dtM  of  the  blood,  those  probably  wljich  bave  disuhHrged 
Lf  qffice  tind  arc  worn  out,  nndfrgo  dmntci/fntum  ;  for  in  the 
nm?d  portkms  of  the  spleen-pulp  ftii  ahmithujce  uf  mmh  cor- 
cles,  in  Tariuua  stageM  of  degeneration,  are  fomid,  and  in 
le  cjttiies  f>f  diaeu^e  in  wbieh  the  destnictiun  of  bhH>d-foq)uacle8 
]cr^j»ed  (pemtcious  anB&mia)  iron  acciiniulatcs  in  the  apteen  as 

the  bver.      It  wa><  formerly  snppo«ed  that  the  spleen  broke  down 


0i''-'':m 
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on  of  ftplepo  ftf  c»t,    fl|  rt',  MjJpigtiian  torpuAcleii ;  in  tJi^  nsw  of  a*,  the  ttiti- 
PlkKlinn  wtfcti  » fnuOl  RtterTp  ^,  in  seni ;  ft,  ^'1  fluvall  artedm ;  f ,  section  uf  ttmbeeuUv* 

corpuscles  and  li berated  haemoglobin,  which,  passing  in  the 
blood  ol  the  splenic  vein  to  the  liver,  was  discharged  Ivy  that  organ 
>  bile-pigraent  But  this  is  not  the  case;  the  diainti^gmtion  does 
t  proceed  so  far  a&  to  actually  libemte  hficmogtobin  ;  there  is  no 
se  hwrnoglubin  in  the  hlood-plasnia  of  tlie  splenic  vein* 
(4.)  Frcmi  the  almost  coiij^taiit  presence  of  uric  acid,  in  larger 
untitles  than  in  other  organs,  as  woll  as  of  tlie  nitrogenous 
Idics,  jtanthine  and  hypoxanthine,  in  the  spleen,  iome  fthare 
metuf/oHsm  may  be  fairly  inferred  to  occur  in  it. 


^^mfentn**  m^w/oh 
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(5.)  Busidt^ft  tht?8e  direet  oftices,  the  spleen  fulfils  some  pur 
ill    regard   to   the  pjrtu!   Dire  illation   with   wfjich   U  ib   in  ok 


Ihg.  if^w'^RtjjF'a  OmxnnetfU'  fur  H|»l(^n  ;  A^  apea  [  B,  ukMcd, 

eonnection,     Frt>m  the  readiness  with  which  it  admits  of  bei 
distended,  and   froiu   the   fact   tliat  it  is  gcnemllj  small 
gaatriG  digestion  is  going  00,  and  enlarges  whon  that 
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3iided«  it  is  supptjfied  to  act  oa  a  kind  af  vaHctilar  reservoir,  or 
prliciil»in  to  the  jmrtal  system,  or  more  particularly  tt»  the  vessels 
he  stomach.  That  it  nmj  serve  such  purpose  is  also  made 
pable  by  the  enlarjjrement  which  it  undergoes  m  certain  attec- 
I  of  the  lieart  ?tnd  liver,  attended  with  olist ruction  to  the 
i^e  of  blood  through  tlie  latter  or^aii^  iind  by  it^  diminution 

0  the  congestion  of  the  portal  system  is  relieved  by  dis- 
ges  from  the  bowels,  or  by  the  effusion  of  blood  hUt»  the 
(nch.  This  mechanical  itifluetice  on  the  circulation,  howeverj 
hardly  be  supposed  to  be  more  than  a  veiy  8ubordi[iat4* 
iiou. 

%flueitc€  of  the  Ser^iff^u^  S^sterfi  ?//xwi  the  Spleen. — When  the 
in  is  enlarged  after  digestion,  its  enlargement  is  due  to  two 
pa;  (t)  a  relaxation  of  the  muscular  tissue  which  forms  so 
E  ft  part  of  its  fmmework  ;  (2)  a  dilatation  of  the  vessels. 

1  these  plienomeua  are  under  control  of  the  nervous  syatom. 
Wjtkeen  found  by  experiment  that  when  the  splenic  nerves  are 
[H&  spleen  enlarges,  and  that  contraction  can  Ije  brought 
at  by  stimulation  of  the  peripheral  ends  of  the  divided  nen-ea. 
^e  splenic  nerves  are  not  cut,  contraction  is  produced  by 
stimulation  of  the  spinal  cord;  {2)  reflexly  by  stimulation  oi 
central  stumps  of  certain  divided  nervesj  f.(/.f  vagus  and  sciatic  ; 
hy  local  stimulation  by  an  electric  current ;  (4)  by  the  adminia- 
im  of  quinine  and  some  other  druijjs, 

t  has  been  shown  by  the  oncometer  of  Roy  that  the  spleen 
(ergoes  rhythmical  contractions  and  dilatations,  due  to  the 
tract  ion  and  relaxation  of  the  muscular  tissue  in  its  capsule 
traV^eculHL  A  tracing  also  shows  waves  due  to  the  rhythmical 
rations  of  the  genend  blood -pressure. 

the  form  of  oncometer  adapted  ftir  the  shape  of  the  spleen 
Boost  animals  is  shown  on  p.  318.  In  most  mammals  the 
mi  is  not  kidney-shaped  as  in  man,  but  narrow  and  ribbon 
ped.  The  general  principles  of  the  oncometer  have  beeo 
(allied  on  p.  303,  where  it  is  meutione^i  that  by  an  air  onco- 
^r  ^chafer  has  obtained  good  tracings  ;  these  show  fii-st,  the 
^  waves  occurring  about  once  a  njiiiute,  due  to  the  splenic 
lole  and  diastole ;  secondly,  smaller  waves  on  this^  due  tc»  the 
^  of  respiration  on  t1ie  blmxl- pressure  :  and  on  these,  smaller 
tea  still,  corresponding  with  the  individual  beart-beatti.  The 
{6  waves  due  to  the  splenic  contractility  still  go  on  after 
division  of  all  the  splenic  nerves.  These  nerve  fibres  leave 
spinal  coitl  in  numerous  thoracic  anterior  roots ;  they  have 
stations  in  the  sympathetic  chain  (Schafer)  or  semi-lunar 
elig  (Lang ley). 


320 


THE    DUCTLESS  GLAKDB. 


[CHtttTL 


The  Thymus.  j 

This  gland  is  a  temporary  orgau ;  it  attains  its  greatest  nze 
early  after  birth,  and  after  the  second  year  gradually  diminiahea, 
until  in  adult  life  hardly  a  vestige  remains.  At  its  greatest  develop- 
ment it  is  a  long  narrow  body,  situated  in  the  front  of  the  chest 
behind  the  sternum  and  partly  in  the  lower  part  of  the  neck.  It 
is  of  a  reddish  or  greyish  colour,  and  is  distinctly  lobulated. 

Structure, — The  gland  is  surrounded  by  a  fibrous  capsule,  which 
sends  in   processes,   forming   trabeculse,   that  divide  the  glaad 


Fig.  SQ3 .— TnuiBTene  section  of  a  lobule  of  an  injected  infantile  thjmiia  gland,  a,  oapnk 
of  oonnectiTe-tiflaae  sairounding  the  lobule ;  6,  membrane  of  the  gtandnlar  vendea: 
e,  cavity  of  the  lobule,  from  whidi  the  larger  blood-Tceicli  are  aeen  to  eiteH 
towards  and  ramify  in  the  spheroidal  masses  of  the  lobule,    x  30.    (KSliksr.) 


into  lobes,  and  carry  the  blood-  and  lymph-vessels.  The  large 
trabeculie  branch  into  small  ones,  which  divide  the  lobes  into 
lobules.  The  lobules  are  further  subdivided  into  follicles  by  fine 
connective-tissue.  A  follicle  (fig.  295),  is  seen  on  section  to  be 
more  or  less  polyhedral  in  shape,  and  consists  of  cortical  and 
medullary  portions,  both  of  which  are  composed  of  adenoid  or 
lymphoid  tissue,  but  in  the  medullar}*  portion  the  matrix  is  coarser, 
isiA.  is  not  so  filled  up  with  lymphoid  corpuscles  as  in  the  cortex. 
SMttered  in  the  lymphoid  tissue  of  the  medulla  are  the  concmiric 
C9rpu9eleB  of  Hcusail  (fig.  296),  which  consist  of  a  nucleated 
oimnalar  centre,  surrounded  by  flattened  nucleated  epithelial 
These  are  islands   of   epithelial  cells  cut   off  from  the 
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epitJielimu  of  the  pharynx  iti  pnJC43SB  of  development.     They  are 
aot-    occluded  blood- vessels,  as  was  at  one  time  aiipposed.     TLej 


^"^•-  ^^f.^ThjTDiH  of  *  «lf,    n,  cortex  0i  faUkle»   *,  medulk?  e,  inteTfoUifmliir  ti«ia«. 
MAi^tilfled  mboat  twelve  timm.    (Wmtaey.) 


reiaiiiid   one   somewhat    of   the    epithelial    nests   seen    in    ^me 
va^rietiea  of  cancer. 

Tbe  arteries  radiate  from  the  centre  of  the  gland   Lymph  sinuaea 


'^*^»  aij|,— From  K  hndzontal 
muMaa  throufrh  iiuperfl- 
«jil  jmrt  (if  t>n»  thjrning 


fied,  Showing  in  'the 
tifntre  A  f ullick'  td  p«ly- 

Inrly  n^liaped  faJiiclefli 
muBd  it-  (KldiL  and 
Koble  Smith.] 


i^ynmn,      a,    lymph   i*«lli! : 
frj    corptipclei    of    " 
(ChdlBt,) 


^K  i^  ^  ®®^"  OGCasionallj  aurrounding  the  periphery  of  the  folHcleB 

.^i^i).     The  nerves  are  very  minute. 
*        ^'om  the  thymus  'various  subatanoea  may  be  extracted,  mauy 
h\r      ^«^  similar  to  those  obtained  from  the  spleen,  e,ff.f  lantbinej 

^^^^anthine,  a^ieniue,  and  leucine, 
n\M      ^^  ^^*^  constituent  of  the  cells  is  proteidj  and  especially 

^l^o-proteid.      Indeed  the  thymus  is  usually  employed  a&  the 
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aouree  of  iiuclco*proteid  wheu  one  wishes  to  inject  that  Bubatni 
into  the  blood -vessek  of  an  aniiiml  to  prodiico  enpenmentalh 
intravaacLilar  clottin|r.  It  is,  however^  out  diamc  tens  tic  of  tb 
tijymns,  but  i8  fomid  in  M  protoplastn.  The  methtxl  of  prepirutRn 
will  he  given  later  (p.  387). 

Fujtctmi. — The  thynins  takes  part  in  producing  the  coluurlcti 
corpusL'les  liku  other  varieties  of  lymphoid  tissue,  lu  hibernatio 
animals  it  exist-e  thrfjughout  life,  an*l  m  ea,ch  Bucceasive  periiW 
of  hibernation  appi-oache^  it  greatly  enlarges  anri  iiecomes  IwJeii 
With  fat,  Henoe  it  fippears  to  ser\T  for  the  storing  up  (4 
materialB  which,  Vicing  reaVmorbed  during  the  inactivity  of  thtf 
hibenwiting  period,  may  maintain  the  rejipiratiou  and  the  tem- 
peratore  of  tfie  Ixxiy  in  the  retluced  state  to  which  they  fall  during 
that  time.  Some  observers  state  that  it  is  4ilbo  a  eource  of  tlie 
red  blood -corpuscles,  at  any  rate  in  early  life* 


The   Thyroid- 

The  thyroid  gland  ia  situated  in  the  neck.  It  conaiste  of  two 
lobcB,  one  on  each  aide  of  the  trachea,  exteitding  upwards  to  tb« 
thyroid  cartilage,  covering  its  inferior  coniu  and  part  of  its  Inxly  ; 
these  lobes  are  connected  across  the  middle  line  by  a  middle  lobe 
or  iBthrnuH.  It  is  highly  vascular,  and  varies  in  siKe  in  different, 
hidividuals, 

Siriu'itire. — The  gland  is  encased  in  a  c-apside  of  denae  areolar 
tissue.  This  sends  in  strong  fibrous  trabeculee,  which  cuchisc  the 
thyroid  i^^^^^'c/m— which  are  itjunded  or  oblong  irregular  saca,  con- 
sisting of  a  wall  of  tiiin  liyaline  memlirane  lined  by  a  single  layer 
of  short  cylindrical  or  cubical  cells,  -rhese  ve«iclcs  are  fillad 
with  transimrcnt  colloid  nucleo-albuTmnous  material.  The  colloid 
substance  increaBCS  with  age,  and  the  cavities  appear  to  eoalence. 
In  the  interstitial  conneetive-ttssue  is  a  round  meshed  capillary 
plexus,  and  a  large  number  of  lymphatici*  The  nerves  adherv 
closely  Uy  the  vetisels. 

In  tlie  vet^icles  there  are,  in  addition  to  the  yellowish  glmj 
colloid  material,  epithelium  cells,  colourless  blood-corpusclea,  i&tid 
also  L*oloured  corjiuscles  undergoing  disintegratioti, 

Fm*i'fi(fft*~lt  is  difticuk  to  state  definitely  the  function  of  the 
thyroid  body ;  it  is  one  of  thxjse  orgaiiii  of  great  im|:)ortanee  m 
the  metabolic  round ;  and  its  removal  or  disease  la  followed  ty 
genend  dlf^t urban ces.  It  no  doubt  forms  an  mtenial  aecretioti  ; 
to  this  the  colloid  material  mentioned  contributes,  aa  It  ia  found  iu 
the  lymphatic  vessels  of  the  organ. 

When    the   gland   is  diseased    m  children   and   ita 
obliterated  a  species  of  idiocy  is  produced  called  i^reimimn, 
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TTae  same  condition  in  adults  is  called  myxmdema ;  the  ni*j3t 
ft»a.j*ked  siTuptoms  of  tliia  tonditba  areBlowuesi^,  both  of  body  and 
Oii^d,  usually  associated  with  tremors  aud  tvvitchinga.  There  is 
i^fi*c>  a  jjeculiar  erudition  of  tlie  akin  leading  to  the  overgrowth 
f  tilne  snliciitaneoua  tisaiieB,  which  in  time  h  replaeed  by  fat; 
*^  liatr  falls  o%  the  hands  become  sptwie-like;  the  whole  body  is 
^'^^^  ieldy  and  clumsy  Uke  the  mind. 


Tif*  ig;.— Part  of  ■sectiim  of  the  human  thirrmd.  a,  tlbTtjiw  <^pnide;  ft,  thyrtdd  venklei 
filled  with,  f«  4}olloid  ft^ubatanei^ ;  r.  KUptNLvitm^  Mirtmj^  \ifi»m' :  ti^  ^hurt  mlumna^r  tMsUi 
bntiw  Teiiifil«;  /,  ^rten««i:  g^  ^cin^  nlltid  with  Mnod;  K  b'ti^i^phntit:  T<i»8el  Mi<?4  With 
txaioid  BubrtiUboe.    ( §.  K.  AJooeJt .  i 

A  similar  condition  occurs  after  the  thyroid  18  uompletely  re- 
aoved  fiurgieally ;  this^  ih  called  ravht'ji'iT.  Hfruiftipriva  :  tbis  open  it  ion  ♦ 
which  was  perfonned  previous  to  our  Itriowlctige  <>f  tlie  importance 
of  the  thyn^id,  is  not  reprarded  as  jn^^tihable  nnwfidays. 

Lastly,  in  many  animals  removal  of  the  thyroid  produces 
ftOAlogotis  symptomsj  in  the  overgrowth  of  the  connective- tissues 
especially  under  the  skin^  and  in  tbt'  nervous  symptoms  (twitch- 
ingSf  coriviileions,  «fec,}. 

The  t^enn  Myxtedemft.  was  origin allj  given  under  the  erroneous 

tea  that  the  swelbog  of  tlie  hidy  is  due  to  mucin.      In  the  early 

Stages  of  the  disease  there  ia  a  alight  increase  of  mucin^  because 

all   new  connective-tissues  contain  a  relatively  lai^e  amount  of 

gronnd  substance,  the  most  abintdant  constituent  of  vvhich^  neit 
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to  water,  is  mucin.    But  there  is  nothing  charaoteiiBtic  abo 
that 

The  discovery  of  the  relationships  between  the  thynnd  a 
these  morbid  conditions  is  especially  interesting,  because  imp 
tant  practical  results  in  their  treatment  have  followed  dose 
the  heels  of  experimental  investigation.  The  missing  inter 
secretion  of  the  thyroid  may  be  replaced  in  these  animals  i 
patients  by  grafting  the  thyroid  of  another  animal  into 
abdomen  ;  or  more  simply  by  injecting  thyroid  extract  sul 
taneously ;  or  even  by  feeding  on  the  thyroid  of  other  anim 
This  treatment,  which  has  to  be  kept  up  for  the  rest  of 
patient's  life,  is  entirely  successful.  Chemical  physiologists  I 
been  searching  recently  to  try  and  discover  what  the  ac 
material  in  thyroid  extract  is  which  produces  such  marvel 
results  ;  some  look  upon  it  as  nucleo-proteid;  others  as  a  cryf 
line  substance  called  thyrecHintiioxin  (CjHuNaOs)  by  Fraenkel 
discoverer;  others,  again  (Baumann  and  Roos),  with  greater  jusi 
attribute  the  efficacy  of  thyroid  extract  to  a  substance  they  1: 
separated  from  the  gland  and  which  stands  almost  imique  am 
physiological  compounds  by  containing  a  large  percentag< 
iodine  in  its  molecule.  Thyro-iodin  or  lodo-thyrtn,  as  this  t 
stance  has  been  called,  is  present  in  combination  with  pro 
matter  in  the  colloid  substance. 

But  whatever  the  chemical  composition  of  the  active  princ 
of  the  thyroid's  internal  secretion  may  be,  there  can  be  no  do 
that  its  action  under  normal  circumstances  is  as  a  regulatoi 
metabolic  processes,  especially  in  the  central  nervous  system. 

Parathyroiih. — These  are  small  bodies  situated  in  the  nei, 
bourhood  of,  or  embedded  in  the  substance  of,  the  thyroid.  So 
observers  look  upon  these  as  being  even  more  essential  to  healt 
life  than  the  thyroid,  but  this  point  is  by  no  means  decided. 

The  Supra-renal  Capsules. 

These  are  two  triangular  or  oocked-hat«haped  bodies,  e^ 
resting  by  its  lower  border  upon  the  upper  border  of  the  icidt^ 

^S^mdiiyv. — The  gland  is  surrounded  by  an  outer  sheath  of  , 
neotive-tissue,  which  sends  in  fine  prolongations  forming  the  fr^ 
work  of  the  gland.  The  gland  tissue  proper  consists  of  an  oi^ 
firmer  cortical  portion  and  an  inside  soft,  dark  medullaiy  jx^^^ 

(i.)  The  cortical  portion  is  divided  into  (fig.  298)  ool^^^ 
groaps  of  cells  (zonafa^iculata).  Immediately  under  the  c^^ 
however,  the  groups  are  more  roixrided  (sowa  glonvmiUm)^^ 
next  to  the  medulla  they  have  aai  xeW^^  aunrangemeiv^^ 
-^ituinrh).     The  cells  themselves,    ^.te  ^\yhedral,  each   ^^ 
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nnmd  tiucleue,  and  often  with  oU  globules  in  their  proto- 
The  hloixl-ve*48eIa  run  in  the  fibrous  septa  between  the 
but  do  not  penetfate  between  the  celk. 


^  191,'— Vfvtioal  veotioii  thitrai 


,  p*rt  of  the  (xit^cal  portion  of  wupni-n'nal  of  ginoFi^'pig^ 

A^mpimk;;  h^mmn.  gldtnenucwa ;  «,  coiui  fucicuLttA;  d,  connectire-tiMirue  supporting' 
'  tiK  cdmiua  of  thft  oeUa  of  the  l*tler,  A&d  aIw)  iiidimtmtf  the  podtiua  of  tti«  ivloc»d- 


p^ 


3on  throngli  &  portion  of  the  mcduIIiuT  purt  of  tlie  mpnr-renal  of  etiloe*^ 
i«  ^ewelfl  »re  yeir  &iimi:rtius,  aad  the  libruiu  irtrcwiiA  morB  diitinct  tbui  in 
~K,  &ad  ui,  moreover,  nymlated.    The  «lla  ue  iiivgtilAr  &nd  lugtfr,  duiLr,  and 
L  oil  giobule«.    (B,  K,  ASoodc.} 
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(2*)  'r\xe  mtthdlnrp  tubifance  consists  ol  a  t^oarac  rounded 
irregular  mesh  work  of  fibmim  tissue,  in  the  alveoli  of  which 
nmsses  of  m  ill  ti  mi  elected  protoplasm  (fig.  299) ;  numerous  bl 
vessels  ;  atjd  an  nbiuidaiioe  of  iierve-tibreH  and  cells.     The  ce 
are  very   irregular  111  shape   and  siie,    poor   in   fat,   and   ol 
branched  ;  the  nervct^  run   through  the  cortical  substance^  a.^ 
aurtatomose  over  the  medullary  portiotK 

The  cells  of  the  medulla  are  characterised  by  the  presence 
certain  reducing  substances.  One  of  theie  takes  a  brown  si 
with  chr*>tnie  acid,  and  g:iTes  other  eolonr  reactions  ;  it  is,  thi 
fore,  called  a  thnmuMjen.  Another  h  similar  in  niauj  of 
characters  to  jecorin,  a  lecithin- like  siubit&noe  also  found  in 
liver,  spleen,  and  other  organs. 

^t*nrl«<m,— The  immense  importance  of  the  supm^reual  bo<^^  ^ 
was  first  indicated  by  Addison,  who,  in   1855,  pointed  mjt  th-^l 
the  disease  now  known  by  his  name  ia  aasociated  with  pathologic?^'^*' 
alterations  of  these  glands.     This  w^is  tested  ex  peri  men  tall j  t-^*^ 
Browu-8e<iuard,  who  foiiud  a  few  years  later  that  remoyal  of  ii^  *^ 
supra-renals  in  animals   m  invariably  and    rapidly  fat^l*      Tim  ** 
symptoms  ai-e    practically   the  same   (although   more  acute)  m^^ 
those  of  Addi&on*B  diseaae,  namely,  ^eat  muscular  weakness,  loi^^ 
of  vascular  tone,  and   nervous   prf>Bt ration.      The  pignientiiti(>t:^ 
(bronzing)  of  the  skin,  hoMever,  which  ia  a  marked  sj^mptom  \m 
Addison's  disease,  is  not  seen   in  aninml«.     The  esiperiments  of" 
Brown-Sequard  attracted  much  attention  at  the  time  thej  were  per- 
formed, hut  were  almost  forgotten  until  quite  recently,  when  the? 
were  confirmed  by  Ahelous,  l^anglois,  Schafer,  and  otherB.     The 
effects  on  the  muscular  synt^ni  are  the  niost  marked  results  both 
aft^r  removal  of  the  capsules  and  after  injection  of  an  extract  of  the 
glands.     The  ei!'eet  of  injecting.'  such  an  extract  on  the  voluntary 
muscles  is  to  increase  their  tone,  so  that  a  tmcing  obtained  from 
them  re«embles    that    produced   liy   a   small  dose  of  veratrine^ 
namely,  a  prolongation  of  the  perioti  of  relaxation.     The  effect 
on  involuntary  muscle  is  etpudly  marked  ;    there  is  an  enormou* 
rise  of  arterial  bloixl -pressure  due  chietiy  to  a  cidu traction  of  thi? 
arterioles.     This  is  prcMiiiced  by  the  direct  action  of  the  extract 
on    the    muscular  tissue  of  the  arterioles,  not  an  indirect   one 
through  the  vaso^motor  centre.     The  active  chemical  gubfltatice 
in  the  extract  that  prorluces  the  ciffect  is  either  the  reducing 
substance  or  chrumogen  albnlinl  to  above,  or  some  other  snljstanee 
united  to  it ;  it  is  eonfineil  to  the  medulla  of  the  capeul^  and 
is  absent  in  cases  of  Aiidisou's  disease. 

The  capsules,  therefore,  form  wjine thing  which  is  distributed  t< 
the  muscles  and  is  essential  for  their  normal  tone ;  when  thev 
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-5  ire  n'liioved   or  discusctl  the  poisonous  cticcts  sct-n  arc  llic  I'o.sult 
-<j>f  the  absence  of  this  internal  secretion. 

Some  physiologists  have  considered  that  the  substance  which  pro<luces 
«L  hese  effects  is  allied  to  pyrocatechin  :  this,  however,  is  incorrect ;  it  is  more 
^  irobable  that  the  active  material  is  alkaloidal  in  nature,  possibly  allied  to 
m.»ipeTidine  or  nicotine,  both  of  which  substances  produce  a  large  rise  of 
"S-^lood-presBure.  Abel  states  he  has  succeeded  in  isolating  the  alkaloid  ;  he 
I  las  named  it  epinephrine. 

Whether  this  discovery  will  lead  to  the  same  important 
;f  ractical  results  as  in  the  case  of  the  thyroid  and  myxoedema 
-Mnust  be  left  to  the  future  to  decide.  There  is  already  some 
'Evidence  to  show  that  injection  of  supra-renal  extract  is  beneficial 
:mn  cases  of  Addison's  disease. 

The   Pituitary   Body. 

This  body  is  a  small  reddish-grey  mass,  occupying  the  sella 
't.urcica  of  the  sphenoid  bone.  It  consists  of  two  lobes — a  small 
posterior  one,  consisting  of  nervous  tissue ;  and  an  anterior  larger 
one,  resembling  the  thyroid  in  structure.  A  canal  lined  with 
^ttened  or  with  ciliated  epithelium  passes  through  the  anterior 
lobe;  it  is  connected  with  the  infundibulum.  The  alveoli  are 
•ctpproximately  spherical;  they  are  filled  with  nucleated  cells  of 
various  sizes  and  shapes  not  unlike  ganglion  cells,  collected 
"together  into  rounded  masses,  filling  the  vesicles,  and  contained 
in  a  semi-fluid  granular  substance.  The  vesicles  are  enclosed  by 
connective-tissue,  rich  in  capillaries.  Disease  of  the  pituitary 
^Jody  produces  the  condition  called  acroDietfaly,  in  which  the 
^>ne8  of  limbs  and  face  hypertrophy. 

The  Pineal  Gland. 

This  gland,  which  is  a  small  reddish  body,  is  placed  beneath 
^He  back  part  of  the  corpus  callosum,  and  rests  upon  the  corpora 
'^^aadrigemina.  It  contains  a  central  cavity  lined  with  ciliated 
"^{lithelium.  The  gland  substtince  proper  is  divisible  into — (i) 
-^n  outer  cortical  layer,  analogous  in  structure  to  the  anterior 
'•'^^he  of  the  pituitary  body,  and  (2)  An  inner  central  layer, 
'^^'"holly  nervous.  The  cortical  layer  consists  of  a  number  of 
^^Vosed  follicles,  containing  {a)  cells  of  variable  shape,  rounded, 
'^Xongated,  or  stellate ;  (/>)  fusiform  cells.  There  is  also  present 
^^ rain-sand,  gritty  matter  consisting  of  round  j)articles  aggregated 
^"^to  small  masses.  The  central  subst-mce  consists  of  white  and 
liSrey  matter.  The  blood-vessels  are  small,  and  form  a  very  delicate 
"^^apillary  plexus. 
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The  pineal  gland  is  the  atrophied  remains  of  a  third  eje  aititited 
centrally.  This  eye  is  found  in  a  more  perfect  conditiaQ,  tlumgli 
covered  by  skinj  in  certain  lizards,  such  be  Hatterieu 

The  Coccygeal   ami    Carotid    GHandfli 

These  so-called  gknda  are  situated,  the  one  in  front  of  the  tipflf 
the  coccyx  and  the  other  at  the  point  of  bifurcation  of  the  oommon 
carotid  artery  on  each  aide*  They  are  made  up  of  a  pletuB  of 
small  arterief^  are  enclo*Jcd  and  supported  by  a  capsule  of  fibrom 
tissue,  which  conttiiua  connective-ttBsue  oorpugeles.  The  hkxtd* 
vessels  are  surrotiuded  by  one  or  more  lajem  of  cells  resemblh)^ 
secreting-cells,  which  are  said  to  be  modified  plasma  cells  of  tii 
connective-tissue.     The  function  of  these  bodies  is  unknown. 


CHAPTER   XXIV. 

BEtSPl  RATION. 

The  respiratory  apparatus  consists  of  the  lungs  and  of  the  ai^  | 
passages  which  lead  to  them.  In  marine  animals  the  gills  fulfil 
the  same  functions  as  the  lungs  of  air-breathing  animals.  The 
muscles  which  move  the  thorax  and  the  nerves  that  supply  them 
must  also  be  included  under  the  general  heading  Kespiratoij 
System ;  and,  using  thi^  expression  in  the  widest  sense,  it  inohidei 
practically  all  the  tissues  of  the  body,  since  they  are  all  conoenied 
in  the  using  up  of  oxygen  and  the  production  of  waste  products, 
like  carbonic  acid. 

Essentially  a  lung  or  gill  is  constructed  of  a  thin  membrane, 
one  surface  of  which  is  exposed  to  the  air  or  water,  as  the  case 
may  be,  while,  on  the  other,  is  a  network  of  blood-vessels— 
the  only  separation  between  the  blood  and  aerating  medium 
being  the  thin  wall  of  the  blood-vessels,  and  the  fine  membrane 
on  one  side  of  which  vessels  are  distributed.  The  difference 
between  the  simplest  and  the  most  complicated  respiratoiy 
membmne  is  one  of  degree  only. 

The  limgs  or  gills  are  only  the  medium  for  the  exchangt^  on 
the  part  of  the  blood,  of  carbonic  acid  for  oxygen.  They  are  not 
the  aeat»  in  any  special  manner,  of  those  combustion-proceBses 
off  which  the  production  of  carbonic  acid  is  the  final  result 
HaHMi  pnooQSBee  occur  in  all  parts  of  the  body  in  the  substanoe  of 
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The  Bespiratoiy  Apparatus. 

TXhe  object  of  respiration  being  the  interchange  of  gases  in  the 
Jii:K::m^  it  is  necessaiy  that  the  atmospheric  air  should  pass  into 
tk  ^^  lai,  and  that  the  changed  air  should  be  expelled  from  them. 
TfczM.^. lungs  are  contained  in  the  chest  or  thorax,  which  is  a  closed 
ca."'^?'  ity  having  no  communication  with  the  outside '  except  by 
m^^-^ns  of  the  respiratory  passages.  The  air  enters  these  passages 
th.:sr->ough  the  nostrils  or  through  the  mouth,  whence  it  passes 
th-^ar-^«>ugh  the  larynx  into  the  trachea  or  windpipe,  which  about 
th.^^  middle  of  the  chest  divides  into  two  tubes,  bronchi,  one  to 
esL'^^li  (right  and  left)  lung. 

TXhe  Larynx  is  the  upper  part  of  the  p«jssage,  and  will  be 
d^E^cribed  in  connection  with  the  voice. 

^he  Trachea  and  Bronchi, — The  trachea  extends  from  the  cricoid 

cft.x*t;ilage,  which  is  on  a  level  with  the  fifth  cervical  vertebra,  to  a 

point  opposite  the  third  dorsal  vertebra,  where  it  divides  into  the 

t^^'o  bronchi,  one  for  each  lung  (fig.  300).     It  measures,  on  an 

average,  four  or  four  and  a  half  inches  in  length  and  from  three- 

V^arters  of  an  inch  to  an  inch  in  diameter,  and  is  essentially  a 

^^  of  fibro-elastic  membrane,  within  the  layers  of  which  are 

"■^l^edded  a  series  of  cartilaginous  rings,  from  sixteen  to  twenty  in 

^^mber.     These  rings  extend  only  around  the  front  and  sides 

^^  the  trachea  (about  two-thirds  of  its  circumference),  and  are 

deficient  behind ;  the  interval  l)etween  their  posterior  extremities 

**  bridged  over  by  a  continuation  of  the  fibrous  membrane  in 

^hich  they  are  enclosed  (fig.  301).     The  cartilages  of  the  trachea 

*^d  bronchial  tubes  are  of  the  hyaline  variety. 

Immediately  within  this  tube,  at  the  back,  is  a  layer  of 
^nstriped  muscular  fibres,  which  extends,  transversely,  between 
^he  ends  of  the  cartilaginous  rings  to  which  they  are  attached, 
^^d  opposite  the  intervals  between  them  also  ;  their  function 
***  to  diminish,  when  required,  the  calibre  of  the  trachea  by 
approximating  the  ends  of  the  cartilages.  Outside  these  are  a  few 
^^"^t^inal  bundles  of  muscular  tissue,  which,  like  the  preceding, 
*^  attached  both  to  the  fibrous  and  cartilaginous  framework. 

•"^e  mucous  membrane  consists  to  a  great  extent  of   loose 

.^Phoid  tissue,  separated  from   the  ciliated  epithelium  which 

}^^  it  by  a  homogeneous  basement  membrane.     Tlie  epithelium 

otTx^ed  of  severaJ  layers  of  cells,  of  which  the  most  superficial 

^^  ia  ciliated ;  while  between  these  cells  are  smaller  elongated 

®  Ptrolonged  up  towards  the  surface  and  down  to  the  basement 

^^^^tme.     Beneath   these   are   one   or   more   layers   of   more 
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irregularly  shaped  cells  (fig.  305).     Many  of  the  superficial  odk 
are  of  the  goblet  variety.     In  the  deeper  part  of  tie  corium  of 


Fig.  300.— Outline  showing  the  general  form 
of  the  larynx,  trachea,  ana  bronchi,  as 
seen  from  the  front.  A,  the  great  comu  of 
the  hvoid  bone ;  *;,  epiglottis  ;  «,  sunerior, 
and  r,  inferior  comu  of  the  thyroid  carti- 
lage ;  c,  middle  of  the  cricoia  cartilage ; 
tr,  the  trachea,  showing  sixteen  cartala- 
ffinottB  rings ;  A,  the  right,  and  6',  the  left 
Dronchus.    (Allen  Thomson.) 


Fig.  30Z  .^Outline  ahowing  the  gcnml  fi 
buynx,  trachea,  and  bronchi,  as  1 
behind.  A,  great  oonrn  of  tbe  hyaU 
superior,  and  f^  the  inferior  eon 
thjToid  oartflage:  c,  epigloitii;  a, 
the  back  of  both  the  arytenoid  eaitihi 
are  surmounted  by  the  oomieaU ;  e,  1 
ridge  on  the  back  of  the  cricoid  oaztOai 
posterior  membranooa  part  of  the  tee 
right  and  left  bronchi.    (Allen  Thorn 


the  nuicous  menibmne  are  many  elastic  fibres  between  which  I 
connective-tissue  corpuscles  and  capillary  blood-vesiiiels. 


THE    TRACHEA 


Xitinerous  mticousi  glandH  i\re  ^ituatud  iti  the  ^tibi^taiice  of  the 
titi^ous    membrane   of   the    trachea ;  their  duett*  perforate   the 
ious  gtmctiire^  which  form  the  wall  of  the  traehcti,  and  open 
dttgh  the  miifjous  tuembraiie  into  the  iutenor  (fig.  50  a), 


V-'^    ' 


f 


fte.^. 


»— BfCtiim  d  tl.    V  n    (riinUMl  +  jnl  h^  iiiiin  :  f>  and  f»  OOTiuiQ  ol 

tbiiii  emtilaiiviki      <  I  lU-d  fmiin  the  h^alii]^  oamlibTe,  g.  by  flac 

tKlifOQfl  t|«Mj/;  A,  f.Tt^fniiii  mvc^tiii-  rii  *>t  (lite  fibroiiH  tassue.     (fl,  K*  AluodtO 


The  two  hnjijchi  iuto  which  the  traehea  divides,  of  which  the 
Ti^lii  is  shorter,  hroader,  and  more  horizoutal  than  the  left 
(fig.  300),  resemble  the  trachea  iu  atnieture,  with  tlie  difference 
that  h)  them  then*  h  a  distinct  layer  of  unstripeil  muscle 
ammged  cireularly  beneiith  the  mueous  «iemliranc,  furmiojj:  the 
arts  ?nui'Oif(f',  On  euteriug  the  Huhi^Uuice  of  the  lungs 
oartilaginouB  rings,  although  tliey  still   forui  only  larger  or 
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smaller  Begmetitt*  of  a  circle,  iire  no  longer  conHned  t/>  tli«  \tm 
and  aides  of  the  tubes,  but  are  distributed  impart iall}*  to  dl  pai^ 
of  their  mrcunifereiiee. 

The  brouehi  divide  and  subdivide,  in  the  substanee  of  liiftluna  i 
into  a  number  of  HmHiler  and  smaller  branches  (bronchiitl  tuba] 
which  penetrate  into  every  part  of  the  or]gan,  until  at  lengtii tifj  I 
end  in  the  sraaller  aubdivisions  of  the  lungs  caUed  iodtda. 

All  the  lar«j:er  hrauches  have  walk  fomied  of  'fibrous  tinue, 
containing  portions  of  cartilaginous  rings,  hy  which  they  are  W  ! 
open,   and    nnstriped   nmscular  fibreji,   as    well    as    longitudinal 
bundles  of  elastic  tiHsue.     They  are  lined  by  mucous  mcmbniae 
the   surface  of  which,  like  that  of  the  larytix  and   trachea,  u  ' 
covered  with  ciliated  epithelium,  but  the  several  layers  Wims  I 


(ciUftted} ;  immeduitc?!}'  ben^th  it  in  the  coriuin  u1  tJie  muocniP  memlirmiie,  w  furafl 
L  within  the  Uj4!TH  of  flbrouA  tjtuiue ;  ff,  muooua  g^Land.    {T.  E.  SGhuUe.) 


less  and  less  distinct  luitil  the  lining  consists  of  a  single  layer  ( 
short  columnar  cella  covered  with  cilia  (fig,  303)*     The  mooDiia" 
membrane  is*  abundantly  provided  with  nmcous  glands. 

As  the  sulxii visions  become  smaller  and  smaller,  and  their  w&lls 
thinner,  the  t^irtilagiuous  riugs  become  scarcer  and  more  irregu- 
lar^  until,  in  the  smaller  broaebial  tubes,  they  are  reprcsoat^ 
only  by  minute  and  scattered  cartilaginous  flakes.  When  the 
bronchial  tubes,  by  successive  brtuichingSj  are  reduced  to  about 
-^  of  an  inch  (S  nun.)  in  diameter  they  lose  their  cartilaginous 
element  altogether,  and  their  walla  are  formed  only  of  a 
fibrous  elastic  membrane  with  circular  muscular  fibres;  they  are 
still  lined,  however,  by  a  thin  mucous  membrane  with  eiUated 
epithelium,  the  length  of  the  cells  bcjxring  the  cilia  having  beoHne 
so  far  diminished  that  the  cells  are  now  oubical.     In  the  smaller 
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Dchial  tubes  the  muscular  fibreij  arc  relatively  more  abundant 

in  the  larger  ones,  and  form  a  dint! net  circular  coat 
The  Lvm^t  and  Pleurce. — The  luugs  oceupy  the  greater  por- 
I  of  th#  thorax.     They  are  of  a  apongy  ehistic  texture,  and  are 
iposed  of  tiumerous  minute  air-sacs,  aud  on  section  every  here 
there  the  air4uhea  may  be  tjeen  cut  across.     Any  fragment 
lung  (unless  from  a  child  that  has  never  breathed ^  or  in  eai^a 
disease  in  which  the  lung  is  consohdated)  tioatsi  in  water;  no 
ot^her  tissue  doet^  this, 

feEach  hing  la  enveloped  hy  a  serous  mcrabrane — the  pleura, 
t)  layer  of  which  adheres  closely  to  ita  surface,  aud  provides  it 
m  lib  its  smooth  and  slippery  covering,  while  the  other  adheres  to 
,  tlie  inner  surface  uf  the  cheat-walL     The  contmuity  of  the  two 


Fiff*  304> — Tmurrene  wctsoa  of  Hi  a  chmt. 


iijerst  which  form  a  closed  sac,  as  in  the  cose  of  other  serous 
'  iimbranes,  will  be  best  understood  hy  reference  to  fig,  304. 
appearance  of  a  spiice,  however,  between  \hh  pleura  whicli 
Tera  the  lung  {visceral  layer)  and  that  which  lines  the  inner 
IjiurfHce  of  the  chest  {parirUtl  layer)  is  inserted  in  the  dniwing 
only  for  the  sake  of  distinctness.  It  does  not  really  exist  The 
kyora  arc,  in  health,  everv where  in  contact  one  with  the  other  ; 
aad  between  them  is  only  just  so  ranch  fluid  as  will  ensure  the 
IttDgs  gliding  easily,  in  their  e3t|>ansion  and  contraction,  on  the 
inaer  surface  of  the  parietal  layer,  which  huca  the  eh  est- wall 

If,  however,  an  opening  is  made  so  as  to  permit  air  or  fluid  to 
inter  the  pleural  sjac,  tlie  lung,  in  virtue  of  its  elfyjticity,  recoilB, 
iild  a  (xjnsiderable  space  is  left  between  it  and  the  chest-walL 
lather  words,  the  natural  elasticity  of  the  lungs  would  cause 


them  at  all  tiru^s  to  contract  awaj  frf>m  the  rUm  were  it  not  ilia 
the  contraction  is  resisted  by  atmoapheriu  pressure  which  imM 


'!.  iiiluli  'i:l{/:J/j/Vj,/.'/f,//../,./. 


'*,  Idvfr  of  lon^ticidinBllf  i 


tmly  on  the  inn^  surface  of  tlie  air-tubeB  and  air-sa*:^.     i) 
admission  of  air  iuto  the  pleural  sac  atmoepberic  presBure  heii 
It  like  on  thu  inner  and  outer  sur- 
faces of  the  lung,  and  their  etasstic 
recoil  is  no  longer  prevented. 

Each    lung    is   imrtially    «nh- 
divided    into   sepamte    |>ortions 


ng.  3(i6a— Terminal  bnmch  of  a  brui(ichi&] 
tube,  with  itn  infundibula,  m&d  lir-^Hactt^ 
fifntn  thi?  mArtjiiinf  thc'  y^xngof  a  tnonkcuy, 
injected  with'  qiiit^kitiJv^f!]'.  «,  termlnu 
bryncbiihl  twig  ^^  '^t  infundibula  aud  nir- 


Ftj|,    Jo?. --Two  fmail   i&fujidilmlA 

rijitpw  of  atrHfeioA,  II  rt^  Titb 

f  r,  wit  It  wbioh  the  ftir-^iaai 

(KSUfktr. 


cftlletl  ^oi^Ji ;  the  right  lung  into  three  lohea^  and  the  \vh  int 
two,      Eikdi  of  then©  lohes,  again,  is  conipoKed  of  u  large  uuni 
of  minute  jmrts,  called  ioffuif*.     Each  pidinonary  lobule  imy  I 
considered  to  by  a  lung  in  miniature,  consisting  as  it  does  of 


ill.    XXIV.  TJIK    LrXdS.  335 

Wrsiiich   of  the   bronchial   tubt',   of  air-sacs,    hlood-vcsscls,   nerves, 
uLi<:l  lymphatics, '  with  a  sparhig  amount  of  areolar  tissue. 

C^n  enteriiig  a  lobule,  the  small  bronchial  tube,  the  structure 
of     ^hich  has  just  been  described  (a,  fig.  306),  divides  and  sub- 
divides ;  its  walls  at  the  same  time  become  thinner  and  thinner, 
uii.t:il  at  length  thej  are  formed  only  of  a  thin  membrane  of 
areolar,  muscular,  and  elastic  tissue,  lined  by  a  layer  of  pavement 
epithelium  not  provided  with  cilia.     At  the  same  time  they  are 
altered  in  shape ;  each  of  the  minute  terminal  branches  widens 
o\it  funnel-wise,  and  its  walls  are  pouched  out  irregularly  into 
small  saccular  dilatations,  called  air-sacs  (fig.  306,  b).     Such  a 
funnel-shaped  terminal  branch  of  the  bronchial   tube,  with  ita 
group  of  pouches  or  air-sacs,   has  been  called  an  infundilmlum 
(^^-  306,  307),  and  the  irregular  oblong  space  in  its  centre,  with 
which  the  air-sacs  communicate,  an  intercellular  passage. 

The  air-sacs,  or  air-vesicles,  may  be  placed  singly,  like  recesses 
|rom  the  intercellular  passage,  but  more  often  they  are  arranged 
^  groups,  or  even  in  rows,  like  minute  sacculated  tubes ;  so  that 
»»hort  series  of  vesicles,  all  communicating  with  one  another,  open 
"7  a  common  orifice  into  the  tube.  The  vesicles  are  of  various 
rornas,  according  to  the  mutual  pressure  to  which  tliey  are 
■*l>iect ;  their  walls  are  nearly  in  contact,  and  they  vary  from 
Ath  to  T^th  of  an  inch  ('5  to  '3  mm.)  in  diameter.  Their  walls 
•**  formed  of  fine  membrane,  like  those  of  the  intercellular 
P**8age ;  this  membrane  is  folded  on  itself  so  as  to  form  a  sharp- 
^ed  border  at  each  circular  orifice  of  communication  between 
«>ntiguou8  air-vesicles,  or  between  the  vesicles  and  the  bronchial 
P*®*^e8.  Numerous  fibres  of  elastic  tissue  are  spretid  out  between 
<^nti^ious  air-sacs,  and  many  of  these  are  attached  to  the  outer 
surface  of  the  fine  membrane  of  which  each  sac  is  composed, 
"^parting  to  it  additional  strength  and  the  power  of  recoil  after 
^^tension.  The  vesicles  are  lined  by  a  layer  of  pavement 
epithelium  (fig.  308)  not  provided  with  cilia.  Outside  the  air- 
J^icles  a  network  of  pulmonary  capillaries  is  spread  out  so  densely 
u^'  3^9)  ^^^  ^^®  interspaces  or  meshes  are  even  narrower  than 
^e  Vessels,  which  are,  on  an  average,  ^o'ooth  of  an  inch  (8ft)  in 
^laineter.  Between  the  air  in  the  sacs  and  the  blood  in  these 
^f^^ls  nothing  intervenes  but  the  thin  walls  of  the  air-sacs  and 
^  the  capillaries ;  and  the  exposure  of  the  blood  to  the  air  is  the 
^^fe  complete,  because  the  folds  of  membrane  between  contiguous 
^^-«ac8,  and  often  the  spaces  between  the  walls  of  the  same, 
^^tain  only  a  single  layer  of  capillaries,  both  sides  of  which  are 
*^^  at  once  exposed  to  the  air.  The  arrangement  of  the 
^■P'Uaries  is  shown  on  a  larger  scale  in  tig.  217  (p.  213). 
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Tbe  Yeaicles  of  adjriceiit  lobules  do  not  cotniminicttLc  ;  sa  ^.l^ftt, 
when  any  bronchial  tube  is  closed  or  olistniuUKl^  the  supply  <d 
air  is  lost  for  all  the  sttcs  opening  into  it  or  ita  bmiiolustt. 


A,    D. 


Fl|f .  301*,  — Section  i*!  Jiiun  aiiuoed  with  silver  nitmte.    A*  D.,  Alwokr  dn«i  or  intennt?^ 
8f  iiveoliu-  Hefitik  t  N,  hlveoti  ar  viir-HiiuOA,  lined  with  Imtig^  Umi  cella,  viUl  i 


iimdiler  polyhedml  oeli 
t  Klein  apd  Nohle  »mith  } 


Mt  pluin  miumlu? 


I  flUiToundiag  tihe  &liPeoi>r  ^* 


Blood-snjipii/.  —  Tl^e  bmga  receive  blood  from  two  soi 
(a)  the  puhaioiuiry  artery,  {/>)  the  branchial  jirteries.  The  f< 
conveys  venoiis  blood  to  the  lungs  to  be  artet'iaiiiedt  and  fJ*^* 
btoQcl  tiikes  no  tthare  in  the  nutrition  of  tbe  pulmonary  ti8»»*^* 
through  which  it  passes.  Tbe  l>ranches4  of  the  branchial  arteT*^^ 
<x>nvey  wteriul  bhiod  fr^jni  the  aorta  for  tbe  nntritiou  of  the  w^'* 
of  the  bronchi,  of  the  lar^^cr  pulmonar}^  vessels,  of  the  iiiterlohitl*^ 
^jonnective-tissuoi  &e. ;  the  blnotl  of  tbe  bronchial  vesseU  is  retun*^*^ 
chiefly  through  the  t>rtinchial  and  partly  through  the  puhBoo'*'^. 
yeins. 

L^mphaficn. — The  lyniphtttics  are  arninged    in  three  set* 

I    1.   Irregular  lacuute  in  tbe  walls  of  tlie  alveoli  or  air-sac«k     Tn* 

1   lymphatic   vessels    which   lead   from    the«e  accomp^iny   the    p*"' 

\  inonary  vessels  towurdti  the  rf>ot  of  the  lung.      2.    Irregular  axw*^ 

\tomosing  spaces  in  the  walls  of  the  brotichi*     3*   Lyniph-sp*^^ 

Un  the  pufmonary  [>teura,      The  lymphatic  vessels  from  idl  tb^*^ 

irregular  shuises  pass  in  towanls  the  root  of  tbe  hmg  to  n»€h  ^^ 

tiioncbial  glands. 


"Ji 


SL 


^V^tn^ve*.- — The  uervefj  of  the  lutig  are  t-f^  l>e  tracetl  fnmi  the 
ai]tc»ric>r  and  poBteriur  piilirjouary  plexuM%  which  are  forrjiecl  by 
br^neKeu  of  the  vagus  and  sympathetic.     The  nerveB  follow  the 


^^-    Vc>9,^C{|pjl1j|T7  qetimrk  uf  the  pulmonn-rv  hlt>fjj-vpsw*lrt  in  ilw.  hnnian  lung- .      im  flo, 

rKGllLkiT.j 

f*3Uini^  of  the  vessels  and  bronchi,  and  in  the  walln  of  tlie  latter 
"^*'^y  sina!l  ganglia  are  ajtiiatod. 

The  Hespiratory  Mechanism. 

^eplration  consists  of  the  fJlLTniite  espansion  and  contraction 
^      t:he  thortiJt,  hy  nieaus  of  which   air  in  drawn   into  or  oxpellefl 
'^^ij  the  loiigs.     These  acts  are  oiiUed  Iimjyiratifjn  and  Eaqnration 
•"^^tJtctiveJy. 

Vor  the  inspiration  of  air  into  the  hmg«  it  is  evident  that  all 
^*^t  is  iiecessarv  ia  »uch  a  movemen  t  of  the  side-wall»  or  fl^x>r  of 


or 


^  cheat,  or  of  bctth,  that  the  capacity  of  tlie  interior  shall  he 
^larged^  ISy  such  increase  of  capacity  there  will  he  a  diminution 
the  pressure  of  the  air  in  the  lung»,  and  a  fresh  quantity  will 
*^ter  through  the  larynx  and  tnichea  to  et]uaUse  the  pressure  on 
'  *  ^  inside  and  outside  of  tlie  chest. 

For  the  expiration  of  air,  on  the  other  hand,  it  ia  also  evident 
Hjit,  by  au  opposite  movement  which  shall  diminish  the  capacity 
*^'  the  chest,  the  pre^isure  in  the  interior  will  be  incrensed,  and 
'^tr  will  Ik?  expelled,  until  the  pressure  within  and  withtait  the 
<^liest  are  a^in  eqtiah  hi  both  cases  the  air  passes  through  tljc 
^t^ichea  and  larynx,  whether  in  entering  or  leaving  the  hing^ 
^here  being  no  other  communication   with  the  exterior   of   the 
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body ;  and  t1i0t^|pi|^  for  the  same  rea^^n,  remaiiiis,  ttodet  iU  \}^ 
circumstances  dlil^nb&d,  doselj  in  contact  with  the  waLb  iq^ 
floor  of  the  elietit.    To  speak  of  expansion  of  the  cheet,  h  to  %^b^ 
also  of  expi\t)sion  of  the  lung.     The  movements  of  the  lung  vt 
therefore  paasive^  not  actiye,  and  depend  on  the  changes  of  itmpe 
of  the  closed  cavity  in  which  they  are  contained-     A  perforatioa 
of  the  chest-wall  would  mean  that  the  lung  io  that  side  would  do 
longer  be  of  use ;  a  similar   hgiu'y  ou   the  other  side  (douUe 
pneumothorax)  would  cause  death.       If  the  two  layers  of  the 
pleura  were  adherent,  those  portions  of  the  lung  would  be  expanded 
most  where   the   movements  of    the   chest    are    greatest.      Tlie 
existence  of  the  two  layers  prevents  this,  and  thus  the  lung  is 
equally  expiiiided  throughout. 

Inspiration* — The  enlargement  of  the  cheat  in  insptratiou  b 
a  muscular  act ;  the  effect  of  the  action  of  the  inspiratory  muscles 
is  an  increfise  in  the  size  of  the  chest  cavity  (a)  in  the  vertical, 
and  (6)  in  the  lateral  and  antero-posterior  diameters.  Th« 
muscles  engaged  in  ordinari^  inspiration  are  the  diaphragm; 
the  external  intercoatab ;  parts  of  the  tutemal  intercostals  ;  the 
levatores  costarum  ;  and  sermtus  posticus  auperion 

(a.)  The  vei^tical  diameler  of  the  cheat  is  increased  by  the  eon^ 
traction  and  cons^ec^uent  descent  of  the  diaphragm  ;  at  rest^  the 
diaphragm  ia  dome-shaped  with  the  convexity  upwards :  the 
central  tendon  forms*  a  slight  depression  in  the  middle  of  thii 
dome.  On  contraction  the  muscular  fibres  shorten  and  so  tht 
convexity  of  the  double  dome  is  lessened.  The  central  tendoi^ 
which  was  formerly  reganied  as  remaining  fixed,  is  drawn  downi 
certain  distance,  but  tlie  chief  movement  is  at  the  sides.  For  the 
effective  action  of  this  muscle,  its  attachment  to  the  lower  riba  u 
kept  fixed  by  the  cou  traction  of  the  quadratus  lumborum.  The 
diaphragm  is  supplied  by  the  phrefiic  nerves. 

(6.)  The  increase  in  the  lateral  and  antero-posterior  diametfri  of 
the  chest  ia  effected  by  the  raising  of  the  ribs,  the  upper  oaea 
being  fixed  by  the  scalciii.  The  gi^ater  number  of  the  ribi  an© 
attached  very  obliquely  to  the  spine  and  sternum. 

The  elevation  of  the  ribs  takes  place  both  in  front  and  at  the 
sides — the  hinder  ends  being  prevented  from  performing  any 
upward  movement  by  their  attachment  to  the  spine.  The  move- 
ment of  the  front  extremities  of  the  ribs  is  of  necessity  accom- 
panied by  an  upward  and  forward  movement  of  the  sternum  to 
which  they  are  attached,  the  movement  being  greater  at  the 
lower  end  than  at  the  upper  end  of  the  latter  bone. 

The  axes  of  rotation  in  these  movements  are  two ;  one  corre- 
sponding with  a  line  drawn  through  the  two  articulations  which 
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lib  forms  witb  tbe  spme  (a,  f^^  tig.  jio);  aod  the  other  with 
Ifi  drawn  from  otie  of  these  (head   of  rib)  to  the  sternum 


Fig,  jtOi— Dugram  of  lycn  of  moTemcnt  nf  nbp. 

fig.  310);    the  motion  of  the  rib  around  the  ktter  axis 
iomewhat  after  the  fashion   of   raising  the    handle   of   a 


he  elevation  of  the  ri>ia  is  accompanied  hj  a  alight  opening 
;  of  the  angle  which  the  bony  part  forms  with  it«  cartilage 
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(fig.  311,   A);    and  thus  an  additional   means  is   provided  for 
increasing  the  autero-posterior  diameter  of  the  chest. 

The  muscles  by  which  the  ribs  are  raised,  in  ordinary  q^i^ 
inspiration,  are  the  external  int^rcostalsy  and  that  portion  of  tj^e 
internal  int^'cosUils  which  is  situated  between  the  costal  cartilaga- 
and  these  are  assisted  by  the  levatweM  costarum,  and  the  tenrawi 
posti/ms  mipei'ior.  The  action  of  the  levatores  and  the  serratui  ^ 
very  simple.  Their  fibres,  arising  from  the  spine  as  a  fixed  point 
pass  obliquely  downwards  and  forwards  to  the  ribs,  and  nece*. 
sarily  raise  the  latter  when  they  contract.  The  action  of  U»e 
intercostal  muscles  is  not  quite  so  simple,  inasmuch  as,  paasinff 
merely  from  rib  to  rib,  they  seem  at  first  sight  to  have  no  fixed 
point  towards  which  they  can  pull  the  bones  to  which  they  an 
attached. 

In  tranquil  breathing,  the  expansive  movements  of  the  lower 
part  of  the  chest  are  greater  than  those  of  the  upper.  In  forced 
inspiration,  on  the  other  hand,  the  greatest  extent  of  movement 
appears  to  be  in  the  upper  antero-posterior  diameter. 

In  extntordinnry  or  forced  inspiration,  as  in  violent  exercise,  or 
in  cases  in  which  there  is  some  interference  with  the  due  entrance 
of  air  into  the  chest,  and  in  which,  therefore,  strong  efforts  arc 
necessary,  other  muscles  than  those  just  enumerated,  are  pressed 
into  service.  It  is  impossible  to  separate  by  a  hard-and-fast  line 
the  muscles  of  ordinary  from  those  of  extraordinary  inspiration 
but  there  is  no  doubt  that  the  following  are  but  little  used  ai 
respirato7'y  agents,  except  in  cases  in  which  unusual  efforts  ar 
required — the  st^moinastoidy  the  serraUvs  nutgnus^  the  pectorda 
and  the  trapezius.    Laryngeal  and  face  muscles  also  come  into  pla^ 

The  expansion  of  the  chest  in  inspiration  presents  som 
peculiarities  in  different  persons.  In  young  children,  it  is  eflfecte 
chiefly  by  the  diaphragm,  which  being  highly  arched  in  expir 
tion,  becomes  flatter  as  it  contracts,  and,  descending,  presses  c 
the  abdominal  viscera,  and  pushes  forward  the  front  walls  of  tl 
abdomen.  The  movement  of  the  abdominal  walls  being  he 
more  manifest  than  that  of  any  other  part,  it  is  usual  to  call  & 
the  afxlominal  type  of  respiration.  In  men,  together  with  t" 
descent  of  the  diaphragm,  and  the  pushing  forward  of  the  fn> 
wall  of  the  abdomen,  the  chest  and  the  sternum  are  subject  to 
wide  movement  in  inspiration  {inferior  costal  type).  In  wome 
the  movement  appears  less  extensive  in  the  lower,  and  more  so 
the  upper,  part  of  the  chest  (supet^ior  costal  type). 

There  are  also  differences  in  different  animals.  In  the  frc 
for  example,  the  air  is  forced  into  the  lungs  by  the  raising  of  t 
^oor  of  the  mouth,  the  movith  aud  uontriU  beiu^  closed. 
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Expiration. —  From  tliL-  cnlar^iciiicnt  [)r(uluci'(l  in  inspinition, 
tiie  chest  and  lungs  return,  in  ordinary  tranquil  expiration,  by 
their  elasticity;  the  force  employed  by  the  inspiratory  muscles 
iu  <i  is  tending  the  chest  and  overcoming  the  elastic  resistance  of 
the  lungs  and  chest-walls,  is  returned  as  an  expiratory  effort 
wheu  t^he  muscles  are  relaxed.  This  elastic  recoil  of  the  chest  and 
lun^^  is  sufficient,  in  ordinary  quiet  breathing,  to  expel  air  from 
the  lungs  in  the  intervals  of  inspiration,  and  no  muscular  power 
i»  '■ecjuired.  In  all  voluntary  expiratory  efforts,  however,  as  in 
spealcing,  singing,  blowing,  and  the  like,  and  in  many  involuntary 
actions  also,  as  sneezing,  coughing,  &c.,  something  more  than 
merely  passive  elastic  power  is  necessary,  and  the  proper  expira- 
^O^  muscles  are  brought  into  action.  By  far  the  chief  of  these 
are  'thxe  alxlommal  muscles,  which,  by  pressing  on  the  viscera 
o[  tiHe  abdomen,  push  up  the  floor  of  the  chest  formed  by  the 
diapln-agm,  and  by  thus  making  pressure  on  the  lungs,  expel  air 
irocti  them  through  the  trachea  and  larynx.  All  muscles,  however, 
^bicH  depress  the  ribs,  must  act  also  as  muscles  of  expiration, 
*^^  t^lierefore  we  must  conclude  that  the  abdominal  muscles  are 
*^iBt;ed  in  their  action  by  the  interosseous  part  of  the  internal 
^^^Cf^^^stals,  the  triangularis  strmtf  the  serratiis  posticus  inferior, 
att<i  ^-uadratus  Inmborum,  Wlien  by  the  efforts  of  the  expiratory 
ni^xscles,  the  chest  has  been  stjueezed  to  less  than  its  average 
<»>ancketer,  it  again,  on  relaxation  of  the  muscles,  returns  to  the 
^^n^aal  dimensions  by  virtue  of  its  elasticity.  The  construction 
^^  tH^  chest-walls,  therefore,  admirably  adapts  them  for  recoiling 
*Sa.it|g^  jm^  resisting  as  .well  undue  contraction  as  undue  dilaUition. 

^^^    the  natural  condition  of  the  parts,  the   lungs   can   never 

*^ti:-act  to  the  utmost,  but  are  always  more  or  less  "on  the 

^^t^h,"  being  kept  closely  in  contact  with  the  inner  surface 

^Vke  walls  of  the  chest  by  cohesion  tis  well  as  by  atmospheric 

*|    ^^**ure,  and  can  contract  away  from  these  only  when,  by  some 

^^-^>8  or  other,  as  by  making  an  opening  into  tlie  pleural  cjivity, 

•        "^^  the  effusion  of  fluid  there,  the  pressure  on  the  exterior  and 

^"^ior  of  the  lungs  becomes  equal. 


Kethods  of  recording-  Bespiratory   Movements. 

w^,^^J^«  movements  of  respiration  may  bo  ruconkMl  graphically  in  several 
a^^^^.  One  method  is  to  introduce  a  tube  into  tlic  trachea  of  an  animal, 
ir^<^?;^^  to  connect  this  tube  by  some  ijutta-pcrcha  tubinir  with  a  J-piece 
atL-t-^^^^^^ced  into  the  cork  of  a  large  bottle,  the  other  end  (»f  the  T  liaving 
pg^J^l^ghed  to  it  a  second  piece  of  tubing,  which  can  remain  o})en  or  can  be 
i^^^_^  ^aUy  OP  completely  closed  by  means  of  a  screw  clam}).  Into  the  c«>rk  is 
ki^jj/^'^>ted  a  second  piece  of  glass  tubing  connected  with  a  Marey's  tamlx)ur 
Suitable  tubing.     This  second  tube  communicates  any  alteration  of  the 
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Fig.  3X2.— Stethomph.  A,  tambour  fixed  at  riflht  angles  to  plate  of  ited/; 
e  and  <l,  arms  dt  which  instroment  ia  attached  to  chert  hj  but  «.  When  uk 
chest  eicpanda,  uie  arms  are  polled  asunder,  which  bends  the  steel  {date,  and 
the  tambour  is  affected  by  the  pressure  of  b,  which  is  attadied  to  it  on  the  one 
hand,  and  to  the  upright  in  connection  with  hoxiaontal  soew  f,  (Hodtfled 
from  Marey's  instrument.) 


Tambour. 
iTory  button. 


Tube  to  commu- 
nicate wi^  re- 
cording tam- 
bour. 


Ball  to  fill  appa- 
'   I  with  air. 


Tig.  313.— etethogiv^'^.    V^>ix^Qn<'%KD!&etwai.:\ 


trt?  in  i-fi@  liotile  to  tlic  t^mbotir,  and  tfaiA  mnj  be  m&de  to  write  on  a 
^w  tfurfjK:-^ 

Hpie  v&riiiiis  instniment»;  for  r{^CQItliQg  tbc  uiovem^liU  of  the  chest  bj 
PSm  ot  afii^ratitfi  to  th6  exterior.  Soch  ia  the  ■tetbo^apli  of  BujdoQ- 
pIKD  (tig.  3 1 3K  This  consists  of  a  f  nunc  formed  of  (wo  pamllel  ateel  bftfR 
I  tfjra  thml  at  one  emL  At  the  free  end  of  the  barB  \&  nttuched  a  thither 
,  br  mrntis  of  which  the  apparatus  may  be  i^UBpcndcHl  from  the  neek. 
Ijeii  to  the  inner  cud  of  one  bftr  iB  a  tiimboiir  txnd  ivory  button,  to  tbe 
I  the  other  an  ivory  button*  When  in  nac,  the  iip|iamtnA  iit  snaj>endefl 
tbt'  tmnsverse  bar  poRteriorly.  the  button  of  the  tAmbour  if*  placed  on 
tri  i^i  the  eheset  Ihe  mtwement  of  which  it  i«  desired  to  recsiixlT  ^"^^  fhe 
batton  ia  made  to  prct^  upon  the  eorrcsponding  point  00  the  other  side 
J  cbesjt>  ^  that  the  chefeit  \h^  as  it  were*  hchl  between  a  pair  of  cnllipcre, 
ynbaar  is  connected  by  tnbing  and  a  t-p^^ce  with  a  recording  tamoour 


4,*-Tr&cing  wf  the  nonnAl  di&phnipii  re^j^b^ationn  of  tabbtt.  n,  with  4)ukk  Ad 
nt  of  dmin,  fc,  with,  nlow  laovvment.  The  ui»tri}1i«s  represwnt  inufpimtioQ;  *l 
iRUtzvleoN,  Bxpintiau.    Tu  tw  md  from  ivit  to  H§:bt,    (Mi^<ckwald.) 

1th  a  ball,  by  meaiLS  of  which  air  can  l>e  aquecsseil  into  the  eavlty  of 

rropantim.    Wheti   in  work  the  tube  connected  with  the  nir  WH  is 

>ff  by  means  of  a  sterew  clam(i.     The  moveiticnt  of  the  chest  is  thus 

iinicated  to  the  recording  tambour. 

Inopler  form  of  this  ap[>Amtua  consist*  of  a  thick  india-rubber  bag  of 

cal  shape  about  three  inches  long^  to  one  end  of  which  a  ri^d  gottA- 

A  tube  is  attached.    I'his  bag  may  be  fixed  at  any  rei]iiiro«l  place  on 

tiest  by  mi^ns  of  a  strap  and  buckle.     By  meaOA  of  the  gutla^percb& 

the  variationis  of   the  preassure  of  air   in"  tho   bag  produced   by  the 

mafita  of  the  chest  are  communicated  to  a  reconiing  tambour.    This 

»tiiB  18  a  airapUfied  form  of  Marey'a  stelhograph  (fig.  311). 

&  variatioDR  of  intrapleural  pressure  nmy  bereconded  by  theintroduetioa  1 

annnla  into  the  pleural  ca^ty,  which"  ig  connected  with 

Eaeten 


1 


leintroduetioa  M 
h  a  metcutial  S 
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Finally,  it  haj*  bwn  fnuud  possible  in  various  ways  to  hjcokI  ibe  d^ 
phnigniatic  max'cmcHts  bj  thu  insertioTi  of  an  etA^tic  bag  connected  vith k 
tambour  into  tbt:;  abilomeo  below  it  (pbTeiiQffTAph)^  bj  the  im^nicn  ti 
neocllcs  into  different  parts  of  itt  struotarej  or  by  r^cordinj^  the  ootstncUt 
of  isolated  strips  of  the  {Itaphragm.  Huch  a  fitrip  attaches  I  in  tbe  nbbiitu 
the  xiphistenml  cartilag*^  maybe  detached,  ami  attached  byathmdtcii 
rccoiiling  lever,  ThiA  meth<^  wait  largely  u^^ed  by  Heail  \  tbia  strip  !«rt{t 
as  a  sample  of  the  diapbmixm. 

Ki^.  314  shown  a  traciag  obtained  in  this  way  ;  but  in  tracings  taken  with 
a  stcthograph,  or  any  of  the  numerous  arrangement  of  tambourB  which  tat 
applied  to  the  chest -walk  of  men  aod  ainmatii,  the  larigd  up-ftod-dpv) 
strokes  due  to  the  n^pimtory  movements  have  ui>pn  them  smaUer  miTi^ diK 
to  heart-beatH, 

The  acts  of  uxpHiision  and  ooDtmction  of  t  he  chest  tab  up 
under  ordinary  circiimstuncei^  t%  u early  equal  time.  The  act  <i 
inspiring  air^  hosve^^etj  especially  in  women  and  children,  is  a  littie 
shorter  than  that  of  expelling  it,  atid  there  is  commoulv  a  veiy 
slight  pause  between  the  end  of  expiration  and  the  hegiuning 
of  the  next  inspiration.  TJte  respiratory  rhythm  may  be  thm 
expressed : — 

luMphiithn *    .  6 

J^pifiitwH  ,         .         .         .         ,         .    7  '»r  S 

A  very  jali^'bi  jniHtr. 

If  the  ear  t>e  placed  in  contact  witli  the  wall  of  the  cheat,  or  be 
separated  fKtni  it  only  by  a  gocMl  conductor  of  sound  or  stetiio- 
scope,  a  faint  rt^putitoty  or  vehicular  murmur  ia  heard  duric^ 
inspiration.  This  sound  varies  somewhat  in  different  parts — beini; 
loudest  or  cojirsest  in  the  neighbourhood  of  the  trachea  and  large 
bronchi  (tracheal  and  broneiiiul  breathing),  and  fading  off  into  a 
faint  sighing  as  the  ear  is  placed  at  a  distance  from  these  (vesi- 
cular breathing).  It  is  best  heard  in  children,  and  in  them  a 
faint  murmur  is  heard  in  expiration  also.  The  cause  of  the 
vesicular  murmur  has  received  various  explanations;  but  most 
« observers  hold  that  the  sound  is  produced  by  the  air  passiug 
through  the  glottis  and  larger  tul)es,  and  that  this  somid  is 
modified  in  its  amduction  through  the  substance  of  the  lung. 
The  alterations  in  the  normal  breath  sounds,  and  the  yarious 
additions  to  them  that  occur  in  different  diseased  conditions,  can 
only  be  pn>perly  studied  at  the  IxKiside. 

Httpiratory  movemtnts  of  the  Xoftn'U  and  of  the  Glottis. — 
During  the  action  of  the  muscles  which  directly  draw  air  into  the 
diest,  those  which  guard  the  o|>ening  through  which  it  enten 
are  not  passive.  In  hurrieil  breathing  the  instinctive  dilata- 
tkm  of  the  nostrils  is  well  seen,  although  under  ordinary  con- 
ditioDS  it  may  not  be  noticeable.     The  opening   at  the  upper 
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y  tho  larynx  ur  riuux  jj^lottidis  m  slightly  diluted  At  each 
Itioti  for  the  Juort^  i-eady  pasnage  of  tiir,  and  beeom€B 
If  at  each  expiiatjon  ;  iut  condititm,  therefore,  corresjjotids 
treapiraiion  with  t\ml  of  the  walU  of  the  cheat.  There  is 
mev  likene^!^  Vietwceii  the  two  acts  in  that,  under  ordinary 
ptJiiices,  the  dilatation  of  the  rinia  glottidis  in  a  mn^eular 
d  it^  narrow  ill tr  cliiefly  u-n  ehLwtic  recoil, 
fms  uaed  to  dxpress  Quantity  of  Air  breathed. — 
uiliinif  ar  tkkil  ttir  is  tlie  quantity  of  nir  which  is  habituully 
paoat  unifonuly  changeii  in  each  aet  of  lireatlung.  In  a 
^aduEt  man  it  m  about  20  cubic  inch^^^  ^^  about  300  ccm* 
be  ^en  that  tlii^  unioimt  of  air  In  not  nearly  suJBcient  U> 
lung^ ;  it  fills  the  up|>er  respimtory  j>asksage« ;  the  air 
jftUy  findji  its  way  into  the  alveoli  by  the  nnich  slower 
I  of  tliJiiision,  the  oxygen  difluain^  downwards,  and  the 
ic  aeid  difliitiiug  upwanis.  Some  of  the  tidal  air,  however, 
My  reaches  the  alveoli  directly,  for  the  ** respiratory  dead 
f  (the  capacity  of  the  upper  air  passages  and  the  bronchial 
'18  only  140  cc.     (Znnt/,) 

Cffmpieffirnffri  mr  m  tlie  tpiantity  over  and  alx>ve  this  which 
te  di-awn  iuto  tfic  hnigs  in  the  deepest  hispimtion  ;  its 
it  varies,  but  it  may  be  reckoned  m  too  cubic  inches,  or 
[1,600  ccm. 

ieaerv€  or  Mttpptrmt^ntal  air. — After  ordinary  expiration,  such 
^whicli  expels  the  lireathiug  or  tidal  air,  a  certain  tpiantity 
ELbout  lOG  cubic  inches  (1^600  com.)  reiuaiu«  iu  the  lungs, 
jlnay  be  expelled  liy  a  forcible  and  deeper  expiration.  This 
bed  TU^w  or  mi2^idanmt€d  mr. 

^/md'ual  air  m  the  i|uantity  which  still  remains  in  the  lungs 
jhe  moat  violent  oxpimtory  etfort.  Its  amount  depends  in 
pleasure  on  the  absolute  siae  of  the  chest,  but  may  be 
ied  at  abjut  too  cubic  inches,  or  alxait  j,6qo  ccm. 
t  total  quantity  of  air  which  passes  into  and  out  of  the 
pf  an  adnlt^  nt  rest,  in  24  hours,  varies  from  400,000 
ft)  to  680,000  {Hutchinson)  cubic  inches-  This  quantity, 
(tr,  is  inereased  and  may  be  more  than  doubled  by  exertion. 
tetjnraii/Tf/  or  Vital  Cajxtcitf/, — The  vital  capacity  of  the 
p  indicated  by  the  quantity  of  air  which  a  person  can  expel 
lis  lungs  by  a  forcible  uxpiratiou  after  the  deepest  inspiration 
le.  The  average  capacity  of  an  adult,  at  15 '4'^  C.  (60^  F,)^ 
tt  225  to  350  cubic  inches,  or  3,500  to  4,000  ccm.  It  i» 
p  of  the  com  piemen  tal,  tidal,  and  supplemental  air. 

^fpiraii*r^  camiclty,  ov  aa  JoKa  Htitehinson  called  It,  tittd  capacity, 
to  MeaBaneil  by  a  moilified  gasometer  or  ipii^mnft^,  into  which  the 
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experimenter  brcntbcflt — tiif^kJng  the  most  prolonged  expiratum  poiDlh  ^ 
after  the  deepest  po^ible  inapimtiou.  The  qimntitj  of  air  wbid)  ii  il^  | 
expelled  from  the  lungs  ia  iTidicat<j(l  by  the  heigrht  to  which  the  Kir-dmAa  I 
of  the  spirometer  riaes  ;  ftnil  by  means  of  a  sc^e  plitcad  in  connection  n^  I 
this,  the  number  of  cubic  inches  ia  rea^l  ofL 

In  healthy  metif  the  r^piratorj  capacity  varies  diicfljviiJi 
the  stature^  ^  eighty  and  age. 

It  was  found  by  Hutchinson^  from  whom  most  of  our  miam^ 
tion  on  this  subject  is  derived,  that  at  a  temperature  of  i5'4^C. 
(60°  F.),  225  t;ubie  inches  is  the  average  pital  or  respimtfljj 
capacity  of  a  liealthy  person,  five  feet  seven  inches  in  height 

dreum-ttttnce*  affccttn^  th*  atttttiiNt  tff  T^enpirrititr^  J7(i|«(f  jiy.— For  ctaj 
inch  of  height  abci^ve  this  standard  the  capacity  m  increased,  on  hd  tTCtu^ 
bj  eight  cubic  iiicb^  ;  And  for  every  inch  below^  it  m  diminiEhed  ^vtt 
same  amount. 

The  influence  of  t^i^ht  on  the  ca[t!itMty  of  reH|nmtion  \m  less  m&nifest  14} 
considerable  thnu  that  of  height ;  and  it  is  difficult  to  arrive  ot  any  defiaiti 
conclusions  on  tlii^  point,  because  the  natnitil  avera^  weight  of  a  he&mgi 
man  in  relation  to  tttatare  hfis  not  jet  been  determines.  As  a  general  m^^^ 
ment,  however,  it  may  bp  aakl  that  the  capacity  of  re^^tiration  id  DOtafbdfli 
by  weighte  tinder  161  poumls,  or  n|  stones  ;  but  that,  above  this  point,  it » 
diminished  at  the  rate  of  one  cubic  inch  for  every  additional  pound  op  H 
196  pounds  or  14  stoneH. 

By  age^  thu  capacity  is  lnerc^ae<l  from  about  the  fifteenth  to  the  thir^ 
fifth  year,  at  the  rate  of  Ave  cubic  inchi^  per  year  ;  from  thirty-five  toii^ 
five  it  diminishes  at  the  rate  of  about  one  and  a  half  cubic  inch  p^r  jeir;i» 
that  the  capacity  of  respiration  of  a  man  of  sixty  yeain  old  would  beftbdm 
30  cubic  inches  les.^^  thati  that  of  a  man  forty  yeara  old,  of  the  same  bd^ 
and  weight. 

Sex, — The  vital  capacity  of  an  adult  roan  to  that  of  a  woman  of  the  iMt 
height  is  10  to  7. 

The  numifer  of  respirations  in  a  healthy  ad  nit  person  usuaIIj 
ranges  from  1 4  to  18  per  minute.  It  is  greater  in  infancy  aa 
childhood.  It  varies  also  much  according  to  different  cin^uiF 
stances,  such  ati  exercise  or  rest^  health  or  disease^  ^*  V*rifr 
tions  in  the  numtter  of  respirations  correspond  ordinarily  witk 
similar  variations  in  the  pulsations  of  the  heart  In  healtik  tbi 
proportion  is  about  1  to  4,  or  i  to  5,  and  when  the  rapidity  of 
the  heart's  action  is  increased,  that  of  the  chest  movement  is 
commonly  increased  ako :  but  not  in  every  case  in  equal  propt^ 
tion.  It  happens  occasionally  in  disease,  specially  of  the  \w^ 
or  air-pa&$ages,  that  the  number  of  reitpiratory  acts  increMea  in  « 
quicker  proportion  than  the  beats  of  the  puise ;  audi  in  otkf 
affections,  much  more  commonly,  that  the  nimiber  of  the  pulse- 
beats  is  greater  in  proportion  than  that  of  the  respiratioDS. 

Thf  Force  of  Inspiratory  and  Expiratory  Afuscles. — ^The  fowe 
with  which  the  inspiratory  muscles  are  capable  of  acting  is 
greatest  in  individuals  ol  the  height  of  from  five  feet 
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noh«8  to  five  feet  eight  inches,  and  will  elevate  a  column  of 
aecLrly  three  inches  (about  60  mm.)  of  mercury.     Above  this 
Height  the  force  decreases  as  the  stature  increases ;  so  that  the 
a.vejrage  of  men  of  six  feet  can  elevate  only  about  two  and  a  half 
inclies  of  mercury.     The  force  manifested  in  the  strongest  expira- 
tory acts  is,  on  Uie  average,  one-third  greater  than  that  exercised 
\n  inspiration.    But  this  difference  is  in  great  measure  due  to  the 
po-wer  exerted  by  the  elastic  reaction  of  the  walls  of  the  chest ; 
and  it  is  also  much  influenced  by  the  disproportionate  strength 
^hich  the  expiratory  muscles  attain,  from  their  being  called  into 
use  for  other  purposes  than  that  of  simple  expiration.     The  force 
0!  the  inspiratory  act  is,  therefore,  better  adapted  than  that  of 
ttie  expiratory  for  testing  the  muscular  strength  of  the  body. 
(John  Hutchinson.) 
[  In  ordinary  quiet  breathing,  there  is  a  negative  pressure  of 

only  I  mm.  during  inspiration,  and  a  positive  pressure  of  from 
I   '    2  to  3  mm.  mercury  during  expiration. 

The  instrament  used  by  Hutchinson  to  gauge  the  inspiratory  and  expira- 
Ijjy  power  was  a  mercurial  manometer,  to  which  was  attached  a  tube 
»^ng  the  nostrik,  and  through  which  the  inspiratory  or  expiratory  effort 
*w  made. 

^e  greater  part  of  the  force  exerted  in  deep  inspiration  is 
■nployed  in  overcoming  the  resistance  offered  by  the  elasticity  of 
^  lungs. 

In  man  the  pressure  exerted  by  the  elasticity  of  the  lungs  alone 

»  about  6  mm.  of  mercury.     This  is  estimated  by  tying  a  mano- 

'''^eter  into  the  trachea  of  a  dead  subject,  and  observing  the  rise  of 

mercury  that  occurs  on  puncture  of  the  chest-walls.    If  the  chest 

*  <iistended  beforehand  so  as  to  imitate  a  forcible  inspiration,  a 

^<5h  larger  rise  (30  mm.)  of  the  mercury  is  obtained.     In  the 

°^J  this  elastic  force  is  assisted  by  the  contraction  of  the  plain 

''^uacular  fibres  of  the  alveoli  and  bronchial  tubes,  the  pressure  of 

^«ich  probably  does  not  exceed  i  or  2  mm.    Hutchinson  calculated 

."*t  the  total  force  to  be  overcome  by  the  muscles  in  the  act  of 

'piling  200  cubic  inches  of  air  is  more  than  450  lbs. 

.  _*^  is  possible  that  the  contractile  power  which  the  bronchial 

*^8  and  air-vesicles  possess,  by  means  of  their  muscular  fibres, 

r^y  assist  in  expiration;   but  it  is  more  likely  that  its  chief 

*L  *TK)9e  is  to  regulate  and  adapt,  in  some  measure,  the  quantity 

.     ^ii*  admitted  to  the  lungs,  and  to  each  part  of  them,  according 

tlxe  supply  of  blood :  the  muscular  tissue  also  contracts  upon 

^    gradually  expels   collections   of    mucus,   which    may   have 

^^^tnulated  within  the  tubes,  and  which  cannot  be  ejected  by 

^^^   expiratory   efforts,  owing   to   collapse   or   other    morbid 
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conditionB  of  the  portion  of  luDg^  connected  with  tbe  (^^strnctd  ^ 
tubes  (Gairdner). 

The  Nervoua  Mechanism  of  Beapirati<»a* 

In  the  central  nervous  system  there  m  a  Bpeci&lm&d  ^ual^ 
district  called  the  Hapirato^ri/  centre.  This  gives  out  iii^Lni, ,. 
which  travel  down  the  apinal  cord  to  the  bnmches  of  the  Kpu^j 
nerves  that  innervate  the  muscles  of  respiration.  It  abo  reeeivi 
various  alfci'ont  tibreit,  the  moat  important  of  whiclj  areeoatuiul 
in  the  tnmk  of  the  vagus.  The  vagus  is  chiefly  an  afferent 
in  relation  to  respiration <  It,  however,  also  ia  in  a  minor  di 
efferent,  for  it  supplies  the  muscular  tissue  of  the  tungs  au^ 
bronchial  tulics,  and  exercises  a  trophic  influence  on  the  hng 

The  respinitory  centre  was  discovered  by  Flourens;  it  issitmted 
at  the  tip  of  the  calamus  scriptorius,  and  almost  exactly  ooincids 
in  position  with  the  centre  of  the  vagus.  The  e^dateuce  of  sub-j 
sidiary  respirator}'  centres  in  the  spinal  cord  has  been  mcwte^' 
but  the  balance  of  experimental  evidence  is  against  their  ciiBteooi, 
Plourens  found  that  wheti  the  respiratory  centre  is  destrrtrd, 
respiration  at  once  ceases,  and  the  animal  dies.  He  therefott* 
called  it  the  "  vital  knot"  (na>ud  vitale). 

The  centre  is  affected  not  only  by  the  afferent  impulses  whidb. 
reach  it  from  the  vagus,  but  also  by  those  from  the  cerebrum; » 
that  we  have  a  limited  amount  of  voluntary  control  over  tlw 
respiratory  movement. 

The  sensory  nerves  of  the  skin  have  also  an  effect*  The  actiai 
of  the  cold  air  on  the  btwly  of  a  new-boni  child  is  no  doubt  tlM 
principal  aflereut  cause  of  the  first  respirations.  During  fcetil 
life,  the  need  of  the  emhiy  o  for  oxygon  is  very  small,  and  is  amply 
met  by  the  transference  of  oxygen  from  the  niatenml  Mw-d 
through  the  tliiri  wallts  of  the  fuital  oftpiUaries  in  the  pWcBtiL 
The  applieation  of  cold  water  to  the  skin  always  causes  a  deep 
inspiration  ;  this  is  another  instance  of  the  re  fie  e  effect  wliidi 
follows  stimulation  of  the  cutaneous  nerves.  Stimulation  of  tlw 
central  end  of  the  splanchniea  causea  expiration.  Sttmulatioi  of 
the  central  end  of  the  glosso-pharyngeal  causes  an  inhibition  of  tbe 
respiratory  movements  for  a  short  period  ;  this  accounts  for  tie 
very  necessary  cessation  of  breathing  during  swallowing.  Stimu- 
lation of  the  central  end  of  the  cut  superior  laryngeal  nen?*^  or 
of  its  terminations  in  the  mucous  membrane  of  the  Iftiyni, » 
when  a  crumb  is  "swallowed  the  wrong  way,"  produces  inhibatioD 
of  inspiratory  and  increase  of  expiratoij  efforts,  culminating  b 
coughing. 
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'I'heso  iRTVos,  liowover,  tuv  nouo  of  tlic-ni    in  coustaiil  Jiclion  a> 
the  vagi  are,  and  the  influence  of  the  vagus  is  somewhat  coniph- 
cated.     Still,  respiration  continues  after  the  vagi  are  cut.     The 
character  of  the  respiration  becomes  altered,  especially  if  Iwth 
nerves  are  severed;    it  is  slower  and  deeper.     This  is  due  to 
the  cessation  of  the  impulses  that  nonnally  run  up  the  vagi 
to    the  respiratory  centre.     The  animal,   however,   lives  a  con- 
siderable time ;  a  warm-blooded  animal  usually  dies  after  al)out 
a  Mreek  or  ten  days  from  vaf/us  pneumonia,  due  to  the  removal 
of  trophic  influences   from    the    lungs.       Cold-blooded    animals 
live  longer ;  they  exhibit  fatty  degenemtion  of  the  heart-nuiscle 
also. 

The  question  has  been  much  debated  whether  the  activity  of 
the  respiratory  centre  is  automatic  or  reflex;  that  is  to  say, 
whether  the  rhythmic  discharges  proceeding  from  it  depend 
on  local  changes  induced  by  the  condition  of  its  blood  supply, 
^  on  the  repeated  stimulations  it  receives  by  afterent  nerves. 

There  appears  every  reason  to  believe  that  the  centre  has  the 
P^^er  of  automatism,  but  this  is  never  excited  under  nonnal 
^''cumstances.  Normally  the  respiratory  process  is  a  series  of 
'^flex  actions. 

The  evidence  in  favour  of  the  automatic  activity  of  the  centre 
*•  the  following : — 

(i.)  If  the  spinal  cord  is  cut  just  below  the  bidb,  respiration 

^^^^©s,  except  in  the  case  of  the  facial  and  laryngeal  muscles, 

*^hich  are  supplied  by  nerves  that  originate  above  the  point  of 

njuj^      The  alsB  nasi  work  vigorously.     Such  respiration  is  not 

^^tive  in  drawing  any  air  into  the  chest,  and  so  the  animal 

^^^  dies ;  but  the  forcible  efforts  of  these  muscles  show  that  the 

"^Piratoiy  centre  is  in  a  state  of  activity  sending  out  impulses  to 

petTi.     If  the  two  vagus  ner\'es  arc  cut,  these  movements  con- 

^^*^©  ;  this  shows  that  afferent  impulses  from  the  vagus  are  not 

^^^^tial.     Ab  the  blood  gets  more  and  more  venous,  the  move- 

^*^t*  become  more  pronounced.     The  (juostion  has  been  much 

.  ^^*^ted  whether  this  increased  activity  of  the  respiratory  centre 

,  .  ^iie  to  increase  of  carbonic  acid,  or  decr(?ase  of  oxygen  in  the 

.«^^^^  which  it  receives.     The  balance  of  evidence  shows   that 

^  diminution  in  the  oxygen  is  the  mr)re  important  of  the  two. 

\^ ')  In  asphyxia,  one  always  gets  great  increase  of  resj)iratorv 

.,  ^"^ity,  called  dyspnoea;  this  is  pnMluced  by  the  stimulating  of 

^    ^     centre  by  venous  blocKl.      It  is  not  due  (or  not  wholly  duo) 

I       *''^e  action  of  the  venous  blo<Ml  on  the  terminations  of  the  vagi 

"le  lungs,  as  the  same  phenomenon  oc<-ui*s  when  those  nerves 

^  ^Ut;  and,  moreover,  dyspnavi  takes  placi*  if  tho  venous  blowl  is 
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allowed  to  circuUte  through  the  brain  aloaep  and  not  thraugli  tl^ 
lungs  at  ali  For  iuatance^  it  ensues  whon  localised  FenoaHjof 
the  blood  is  pnxliiccd  in  the  brain  hy  ligature  of  the  carotid  u^ 
vertebral  arteriea. 

But,  as  before  stated,  the  normal  acttvitj  of  the  respinton  I 
centre  is  not  automatic,  it  is  reflex,  and  the  principal  aflemiM 
channel  is  the  vagus.     The  waj  in  which  it  works  has  beeti  midi 
out   of    recent  years  by   Marukwald^    Hering    and   Head    %  ] 
following  h  a  brief  rt^BUJiid  of  Head^s  results. 

His  method  of  recording  the  movements  was  bj  means  o[  tbi  I 
convenient  slip  of  the  diiiphragm  which  is  found  io  rabbits  (« 

p.  344). 

His  method  of  dividiug  the  vagus  was  by  freeamg  it;  be  kid  { 
it  across  a  co[>per  wire,  tlie  end  of  which  was  placed  la  a  freenqi  I 
mixture.  This  method  ia  free  froDi  the  disadvantage  which  a  cull 
with  a  knife  or  KL^isHUi-s  po»»esseSf  namely,  a  stimulattou  at  the  I 
moment  of  section.  On  dividing  one  vagus,  respiration  becsaaj 
slightly  slower  and  deeper;  on  dividing  the  second  nerve, 
effect  was  much  more  marked. 

On  exciting  tlie  central  end  of  the  divided  nerve,  inapintoiyl 
efforts  increiuied  imtil  at  last  the  diaphragm  cBjne  to  &  ataudnili  I 
in  the  inspiratory  position.  But  if  a  weak  stimulus  was  employed,  I 
the  reverse  was  the  ease  ;  the  expiratory  efforts  increased,  ioapii^  I 
tion  becoming  weaker  and  weaker,  until  at  laat  the  diaphra^ 
stopped  in  the  position  of  expiration.  This  result  always  folion 
stimulation  of  the  superior  laryngeal  nerve. 

Most  of  the^e  facts  were  known  previously,  but  the  interpret!- 1 
tion  of  them,  in  the  light  of  further  experiments  immediately  to 
be  described,  is  the  following : 

That  there  are  in  the  vagus  two  sets  of  fibres,  oue  of  whicb  ^  I 
duces  an  increased  activity  of  the  inspiratory  part  of  the  respijfr 
tory  centre,  and  the  other  an  increased  activity  of  the  eipitatot^  | 
part  of  that  centre.     Stimulation  of  the  first  stops  expitatiofn  mi  j 
produces  inspiration  ;  stimulation  of  the  second  does  the  reTene*  I 

The  question  now  is,  What  is  it  that  normallj  produces  tfab  1 
alternate  stimulation  of  the  tw^o  sets  of  fibres  ?  If  we  discover  ibis 
we  shall  discover  the  prime  moving  cause  in  the  alternation  of  ^ 
inspiratory  and  expiratory  acts.  It  was  sought  and  found  in  the 
alternate  distension  and  contraction  of  the  air-\^esicles  of  the  hmp. 
where  the  vagus  terminations  are  situated. 

In  one  series  of  experiments  poiitiv^  ventilation  was  perfornwd; 
that  is,  air  was  pumped  repeatedly  into  the  lungs,  and  bo 
increased  their  normal  distension;  this  was  found  to  decreue 
the  inspiratory  contractions  of  the  diaphragm,  until  at  last  thej 


G^m^m^  altogether,  and  the  diaphragm  stood  still  in  the  ejcpimtory 
-po&ition  (ing.  315,  A). 

In  tt  second   series  of  experiments,   n^^/attpe   venfUatimt  was 

perf  orm&l ;  that  is,  the  air  was  pumped  repeatedly  out  of  the 

1^11:1^5,  and  a  condition  of  coHapae  of  the  air- vesicles  prodtioed, 

Tbis  was  found  to  increase  the  inspiratory  contnictiona  of  the 

dia^phragm,  expiration    becjame    less    and    less,   and    at  last  the 

dkLphragm   assumed  the  position  of   inspiratory   standstill  (fig. 

SI  5^B). 

Distension  of  the  air-vesicles  therefore  stimulates   the  fibres 
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^^5.— T^w:iiigH  <7f  duphri^.    The  upward  moyetdeatH  of  ibe  tiocinos  repretent 
itkm ;  tjid  downwttra  moT^mentii,  expimtioa^    A,   ret^ult  ^f  po«ll^ve,  S,   of 
itite  veBtiUtioa.     {Aft&rH&a4j 


tlie   vagn«    which    excite   the    expirat'*ry    pli^i-sc   of   respira- 
J*"^  ;    collapse    stiniiilat.es    those    which    excite    the    inspiratory 
phiiae. 

^^^^inary  respiration  is  an  alternate  jM>sitive  and  negative 
^^tilation,  though  not  so  excessive  n^  in  tlie  experimenta  just 
**e^cribed.  Jnspinition  is  fjositive  ventilation,  and  80  provides  the 
*iervoue  mechanism  of  respiration  with  a  sitiuiuhis  that  leads  to 
^^piration.  Expiration  is  a  negative  ventilation,  and  so  providea 
^"^  atinvtilug  that  leads  to  inspiration, 

'^Pnoa.-^lf    positive    and     nt^ative    ventilation    are    used 

%'^«?Lh(?r   rapidly  and    alternately  at   a    rate  q nicker   than    the 

.^T**t^tory  rhythm,  Ixjth  inapimtoiy  and  expiratory  processes  are 

^lojteij^   and    the   respiration   ceases   for   a    tihort    time.     This 

^^'^Q  naturally  from  the  experiments  preAaously  desmhed.    This 

■L       5**^  done  on  an  animal  with  a  pair  of  l>ollows  fixed  to  a  tnbe 


1 


m 


th. 


trachea  :  or  voluntarily  by  oneself,  taking  a  number  of 
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deep  breaths  rapidly.  This  condition,  called  apwxa^  is  i 
as  at  one  time  8iipjx>sed,  to  over-oxygenation  of  the  bk 
is  produced  reilexly.  It  is  observed  if  inert  gases,  like  i 
or  hydrogen,  are  used  instead  of  air.  The  pause,  ho« 
then  shorter,  as  the  blood  becomes  venous,  and  in  a  8h< 
stimulates  the  respiratory  centre  to  activity. 


Special  Bespiratory  Acts. 

Cowjhinf/. — In  the  act  of  coughing  there  is  first  of  a 
inspiration,  followed  by  an  expiration  ;  but  the  latter,  iu 
being  easy  and  uninterrupted,  as  in  normal  breathing 
structed,  the  glottis  being  momentarily  closed  by  the  ap 
tion  of  the  vocal  cords.     The  abdominal  muscles,  then 
acting,  push  up  the  viscera  against  the  diaphragm,  a 
make  pressure  on  the  air  in  the  lungs  until  its  tension  is  i 
to  noisily  open  the  vocal  cords  which  oppose  its  outward 
In  this  way  considerable  force  is  exercised,  and  mucu 
other  matter  that  may  need  expulsion  from  the  air-p 
quickly  and  sharply  expelled  by  the  outstreaming  cum 
The  act  is  a  reflex  one,  the  sensory  surface  which  is  exc 
the  mucous  membrane  of  the  larynx,  and  the  superior 
nerve  is  the  afferent  nerve ;  stimulation  of  other  pa 
respiratory  mucous  membrane  will  also  produce  coug 
point  of  bifurcation  of  the  trachea  is  specially  sensiti 
sensory  surfaces  may  also  act  as  the  "  signal  surface  " 
Thus,  a  cold  draught  on  the  skin,  or  tickling  the  exter 
meatus,  hi  some  j)eople  will  set  up  a  cough. 

The  question  has  been  discussed  whether  such  p 
stomach  cough  exists ;  it  has  not  been  produced  exj 
but  there  is  no  reason  why  irritation  of  the  gastric  r 
brane,  supplied  as  it  is  by  the  vagus,  should  not  ca) 
act  of  coughing. 

Smezinff. — The    same  remarks   that   apply   to 
almost  exactly  applicable   to  the  act  of  sneezing 
instance,  the  blast  of  air,  on  escaping  from  the  lun 
by  an  instinctive  contraction   of   the   pillars  of   t 
descent  of  the  soft  palate,  chiefly  through   the 
offending  matter  is  thence  exj>elled. 

The  "signal  surface"  is  usually  the  nasal  muc 
but  here,  as  in  coughing,  other  causes  (such  as  a  I 
ijometimes  set  the  reflex  going. 

Hiccough  is  an  involuntary  sudden  contraction  ( 
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«.-ai  irsiii^j:  an  iiispinition  which  is  smi«li-iily  ;irrr^ti'<l  j.y  tiio  cloMire 
of  the  glottis,  CHUsing  a  characteristic  sound.  It  arises  from 
gastric  irritation. 

Siwring  is  due  to  vibration  of  the  soft  palate. 
Schbing  consists  of  a  scries  of  convulsive  inspirations  at  the 
moment  of  which  the  glottis  is  partially  closed. 

S%gh\ng  and  Yattming  are  emotional  forms  of  inspiration,  the 
^tter  associated  with  stretching  movements  of  jaws  and  limbs. 
The  J  appear  to  be  efforts  of  nature  to  correct  by  an  extra  deep 
inspiration,  the  venosity  of  the  blood  due  to  inactivity  produced 
ty  ennui  or  grief.  Their  contagious  character  is  due  to  sympathy. 
Among  abnormal  disturbances  of  the  nerv^ous  mechanism  of 
'fspiration,  the  following  diseases  must  bo  mentioned:  laryn- 
^mua  stridulus,  asthma,  and  whooping  cough. 

G^yne-Stokes  respiration  is  due  to  rhythmical  activity  of  the 


Pig.  316.— Chcyne-Stoket  rMpiration.   (After  Waller.) 

"•Punatory  centre.  It  reminds  one  somewhat  of  the  Traube- 
Hering  waves  due  to  a  similar  rhythmical  activity  of  the  vaso- 
°^Otor  centre.  It  is  seen  in  many  nervous  diseases  and  in  fatty 
^pgeneration  of  the  heart.  A  typical  tracing  of  the  condition  is 
^^en  above  (fig.  316).  It  is  seen  to  a  slight  extent  during 
^'^i^iary  sleep,  and  is  very  marked  in  hibernating  animals. 

The  effect  of  Bespiration  on  the  Circulation. 

A^  the  heart,  the  aorta,  and  pulmonary  vessels  are  situated  in 
^^  air-tight  thorax,  they  are  exposed  to  a  certain  alteration  of 
P*^H%ure  when  the  capacity  of  the  latter  is  increased  in  inspira- 
1*^*^  ;  for  although  the  ex|>ansion  of  the  lungs  tends  to  countcr- 
^*^.lice  this  increase  of  areji,  it  never  dees  so  entirely,  since  part 
- ,  tile  pressure  of  the  air  which  is  (Iniwn  into  the  lungs  through 
^  trachea  is  expende<l  in  overcoming  their  elasticity.  The 
^^^^unt  thus  used  up  increases  as  the  lun<j;s  become  more  and 
-     ^^^e  expanded,  so  that  the    pressure  inside  the  thorax  during 


^  is  considerably  less  than  the  atmospheric  pressure.     It  has 
p. 


w^       l^iration,  as  far  as  the  heart  and  great  vessels  are  concerned, 
^j    ^"«r  quite  equals  that  outside,  and  at  the  crniclusion  of  inspira- 
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been  asccrtaiucd  that  the  amount  of  the  pressure  used  up  in  tbe 
way  above  described,  varies  from  5  or  7  mm.  of  mercuiy  during 
the  pause,  to  30  niiii.  of  mercury  when  the  hmgs  are  expanded  at 
the  cud  of  a  deep  inspiration,  so  that  it  will  be  underBtood  that 
the  pressure  to  which  the  heart  and  great  vessels  are  subjectdl 
diminishes  as  inspiration  progresses,  and  at  its  minimum  is  l6tf 
by   30  mm.    than    the  normal   pressure,   760  mm.  of  mercun*. 


Fig.  u^-  1'infn'ttin  of  an  appdmtUH  illuntratinff  the  i'flert  of  itwpiration  uponthaki'^ 
aud  (^lit  vi>.oM*Ifl  within  the  thorax.  I,  the  thorax  at  rrat;  II,  durinf  ioqiintii*' 
i>,  n^pn-viilK  tho  ilitt])hriigiii  when  relaxed  ;  d',  when  cnntnuTted  'it  muit  be  s^ 
luemrK'rtM  that  thix  poHition  is  a  infre  rliuirrHiii  .  i.f.,  when  the  tatpadtf  of  tbetholi^ 
it(  iriiliirvrc<l ;  ii.  thi'  heart ;  v,  the  v»«inM  •ntcrinfr  it.  un<l  a.  the  aort«;  »/,  l',  the  rip* 
mill  h'ft  luiijr;  r,  tho  inuihett ;  m,  nierf-urial  manometer  in  etmnection  withpU**?^ 
'Hif  in'-ij-a.-ie  in  tlie  capacity  of  the  Imx  r«'pr».**.<ntin(?  the  thorax  in  eeen  to  dilate  **7 
heart  ax  w««ll  aN  the  lunfpi,  and  so  to  jmiiip  in  Mood  thniuf^h  v,  whcroui  the  t»l^ 
prcvrntx  n-fli'X  through  a.  The  pixsitiou  of  the  mereury  in  m  shown  alio  the  i 
whii'li  i?.  takiuif  plaw.     '  Ijindui*>. 


It    will    lio    umlri-stoiid    from    tin*    acconipanyiug   diagnim   tU^* 
if    tln'iv    wvvv    no    Iuul's    in    the    chest,   and    its    capacity  wt* ^ 
incifjiscd,  the  otUrt  of  the  iinrrcjise  wmiM  bt*  c\pcnde<I  in  pmnpit^ 
l)h)0<l  intn  the  liejirt  trom  the  veins.      With  the  huigs  phiced   ^^ 
tliey  ar»\  <lunnL'  inspir.itioii   the   [jres^ure  outside  the  heart  ai  ^ 
<rrrii\  vi's.'^ols  i.s  dimini.shed,  :ind   thev  liave  therefore  a  tcntlenc — " 
to   »\\p:nnl   and    to   diminish    the    intra- vascular    pres.sure.     Tt 
dinninitiuii    ni  presMire    within   the    wins   passing;    to    the  ri^l^ 
aurieir  mid  within   the   liLdit   auri<ri<'   ii>rlf,    will   tlniw   the  hli« 
into  tin-  thorax,  and  ^n  assist  the  ciivulatit»n.     This  suction  acti« 
is  indejK'iKhint  of  tli«'  jsuetion  jM)wer  of  tlu.'  iliastole  of  the  auric 
about  whieh  we   have   previously  spnkt-n.      Tiie  effect  of  suckii  - 
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'J^^lie  blood  into  the  right  auricle  will,  ewteriA  pambm^  incre^iae 

*^  amount  passing  tlii-ough  the  right  vetitricle,  which  also  exerti 

^jmibr  suction  actbu»  and   thnuigh   the    luu^s  juto  the  left 

.  ^^  Hcle  And  vetiiricle,  and  thiisj  iuto  the  aorta.     This  all  teuih  to 

^t-ejisM*  th  e  b  I  ood  -  press*  ure .     Th  e  eft  bo  t  of  th  e  d  i  miiiish  ed  presM  1 1  ru 

,  fH>n  the  pulraormry  vessels^  will  alao  help  towarik  the  sanje  eud, 

/*'-,   an  increased  flow  tli rough  the  lungs,  m  that,  m  far  as  the 

•*^€ift  and  its  veins  are  cx>neemed,  luspirHtion  increases  tho  hlond- 

P*^^j§sure    in  the  arteries.     The    effect  of   inspiration    ui>ou    the 

^^tt^i,   and    Its  branches  within  the  thorax^  would   be,   however, 

^he  contrary;  for  tm  the  pressure  out«ide  is  diminished,  the  vessels 


^iff.  jt^  <  oTnpttn-*<>Q  uf  bliKKl-preaaiurp  -une  with  nir\f'  <.ti  \n\td.-Uii.^tH'-i>-  piv^^uTrw  i  To 
W  T*>Ad:  frtira  It'ft  lit  riffht,  '  l^  th^  i'tiirv+^  of  V,li^.<-J^prH'-:*i]tr«  with  ib*  rwpitiitisrj'  uodu- 
Ittinn*,  th*''  •ili'wor  be>it^  m\  thf  ilF-sfCTjf  Vmhti^'  Vi-ty  tii  nkfvl  ;  h  i>.  i^e  ourve  of  mtm- 
tlicjTfttJc."  pTt.-'ffirurt.'  obtftiuCNfl  !;jy '■onu^-ijting  ur*M  lirjib  <ji  *a  intinfjraettT  with  the  pl^ntritl 
tatity.  liupiration  bcfin*  *t  ^  rhJ  expiration  mt  f.  The  uitm-tiionttic  prtwnre  rtwei 
v«T  mpidly  aft^i-  the  ce«uition  of  th«  itiMpCratory  effort. ^  and  then  *lovvIy  faUfi  mt  the 
uf  issues  fram  the  chett ;  &t  the  l>egiiuLUi^  of  .tise  uuiptratoty  effort  tbfi  fji.ll  beimmei 
Kkare  raptd .    (M.  Foster,  j 

^^ould  tend  to  expand,  and  thus  to  diminiBh  the  tension  of  the 
blood  within  tliem,  hut  inasmuch  as  the  large  arteries  are  capable 
of  iittle  expansion  beyond  their  natural  calibre,  the  diminution  of 
the  arterial  tension  caused  by  this  means  would  be  insufficient  to 
^^otinteract  the  increase  of  blood- pre bbu re  produced  by  the  effect 
^^  inyjjlrjition  upon  the  veins  of  tlie  chest,  and  the  balance  of  tlie 
who3(;  action  would  be  in  favour  of  an  increase  of  blood -press  ure 
^iJrjti^F  i}iQ  inspiratory  period.  But  if  a  blood -press  ure  tracing 
/^^  ^ken  at  the  same  time  that  the  respiratory  movements  are 
.f^^^  reeoMed,  it  will  Im  found  that,  althou^'h  speaking  generally 
.®  arterial  tension  is  increased  during  inspiration,  the  maximum 
^^^rial  tension  does  not  correspond  with  the  acme  of  inspinv 
(%*   J'S)'     1^"   ^fl^tj   at  the   beginning   of  inspiration   the 
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pressure  contitiuea  to  full,  then  gmdually  riee^  until  the  codtf 
inspiration,  and  #tx>ntinu€S  to  do  ao  for  Bome  little  time  t^ 
expiration  baa  commenced. 

As  regards  t  lie  effect  of  ejTjfnration,  the  capacity  of  the  eW  ii 
diminished,  and  t})e  intra-thoracic  pressure  retums  to  the  tionuil, 
which  is   not   exactly  etjual  tci  the  atmospheric  pressure .   The 
effect  of  this  on  the  veins  in  to  ui crease  their  eztva-Tasculu  ^ 
so  their  ititnv- vascular   pressurtf,  and   to  diminkh  the  flot  <!' 
blood  into  the  left  ^ide  of  the  hearty  and   with  it  tlw  gtocnl^ 
blood -prcBsin'e,  but  thin  is  almost  exactlj  balanced  by  the  ueeei' 
sary  increase  of  arterial  tension   caused   by  the  tDCreaae  ol  tbt 
extra- vascular  pressure  of  thu  aorta  and  large  arteriea^  m  thit  tb 
arterial  tension  is  not  much  affected  during  expimtku  MAttip. 
Thus,  ordinary  citpiration  does  not  produce  a  diAtts^  dhitructvdi 
to  the  circtklattoUf  m  even  when  the  expiration  ii  Alt  an  end  tbc 
intra-tlioracic  pressure  is  less  than  the  extra-thomcieL 

The  effect  of  violent  expiratory  eflbrta,  however,  liM  i  diatkct 
action  in  obstructing  the  current  of  blood  Uunoogh  the  lungH,  14 
seen  in  tbe  blucnesa  of  the  face  from  congestion  in  strainiLj 
this  condition  lieing  produced  by  preasure  on  the  TTrt?lj"'"i'^^iI 
vessels. 

We  may  sunimariBe  this  meclianical  effect  of  FesfHimtjoti  on  ^ 
blood-pressure  therefore,  and  say  that  inspiration  aidfl  the  circuit 
tion  and  so  increases  the  arterial  tension,  and  that  altiiough  expi- 
ration docs  not  materially  aid  the  circulation,  yet  under  ordiiitrT 
conditions  neither  doetj  it  u instruct  it.  Under  extraordinaty  on- 
ditions,  liowcver,  as  in  violent  expiratioUi  the  clroukticxi 
decidedly  obstructed. 

Wo  have  seen,  hawe\'er,  that  there  is  no  exact  oorrespondeDn 
between  the  point  of  highest  blood-preasure  and  the  end  <rf 
inspiration,  and  we  must  Huppo^e  that  there  are  other  mechaniol 
factors,  such,  for  example,  as  the  effect  of  the  abdominal  moT^ 
ments,  both  in  inspimtton  and  e.vpiratton,  upon  tiio  arterietaod 
veins  within  tlie  Mkiomen  and  of  the  lower  extremities^  and  ik 
influence  of  tbe  varying  intm-thoracic  pressure  upon  the  pnlmontrf 
vessels,  Ixjth  of  which  ouglit  U>  be  taken  into  consideration,  h 
regards  the  tir?jt  of  these,  the  effect  f hiring  inspiration — as  the 
cavity  of  the  abdomen  is  diminished  by  the  descent  of  the 
diaphragm — should  be  two-fold :  on  the  one  liaud,  blood  would 
bo  sent  upwards  into  the  chest  by  compression  of  the  vena  cara 
inferior ;  on  the  other  hand,  the  pissage  of  blood  downwards  from 
the  chest  in  tlie  abdominal  aorta,  and  upwards  in  the  veins  of  the 
lower  extremity,  would  be  to  a  certain  extent  obstructed.  In 
poriimry  expiration  all  this  would  be  reversed^  but  if  the  abdominal 
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Jos  are  Tiolently  contracted,  ba  in  e^ctraordinary  aipi ration, 
effect  will  be  produced  aa  by  inspiration.     The  et!ect 
VRfTing  intra-thoracic  preaaiire  which  occurs  during  in spi ra- 
ni njKLiu  tlie  pulmcjnftry  ve^els  is  to  pn>diicc  an  initial  diltttation  of 


hf .  ifo.— Tmube-HeriM't  coirea.    (To  be  read  f rtjos  Mt  to  ri^ht. )    The  eurres  i ,  J,  3.  * 
ana  5  «Fe  portioiu  ■olwtad  from  out  continuouii  tjmuii^  lamnng  th«  reccnd  of  a  pf<^ 


Ijai  tiM  T*#  lM¥izi9  been  divided,  the  pakatunu  on  tli«  OKentand  di5fl«!ntt}f  thfi  undu^ 
latiosifl  do  iioidf0«r ;  Trhen  iirtiflMA]  ro^mtjcm  ce<w?4  tbc»o  unduUtionB  for  &  while 
rtliwiniiniTTdl,  And  Ihe  blood-pxnwure  rtiae  wttatMiy  wliil^  the  boMt-be&ta  becune  ilowsr. 
Boon,  tti  Mi  i|  new  uadulatiuoH  iippcair^] :  n.  IJtUc  Ut^'r.  the  blood ^pnnure  mu  atill 
liliBS.  the  ]M9tut^bwt«  vtiU  sliiwer,  but  Xhts  imdulAtJoiui  RtUl  taon  obvkma  y) ;  itjll 
hiAar  [jQ  I  Ibe  ivcMore  wu»  stiU  faigheri  but  the  he&H'h&dm  were  quicker,  &ivl  th«i 
OfeMmDiia  flnfiler,  lii«  ^oagmc  llk«i  begftn  to  ftU  mpldly  '^  ,  smd  Enntmntd  to  fall 
natll  «Mi«  Ifmi  «ft^  artuleliJ  rapintian  wan  mmziea.    1 M .  :^{»tDr . ) 

both  art^rj  and  veins,  lUid  this  dclttya  for  ti  ehort  time  the  passage 
7(  blood  towardt^  the  left  gide  of  the  heart,  and  the  arterial  precis  are 
falls,  but  the  fall  of  bloo<i -pressure  is  soon  followed  by  a  ate4itly 
rise,  aiuce  the  (low  in  iucretwed  by  the  initial  dilatation  of  the 
retti^ls  :  the  oonvorae  iii  the  case  with  expiration.  Aa,  however, 
I  pulmonary  veins  and  capillaries  ai-e  more  etisily  dilatable  than 
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the  pulmoiiiiry  artery,  the  greater  distenaibilitj  increaaes  the  flow 
of  blcKxi  HH  insjpinvtiou  imjcotxitij  whilst  during  cxpimtion,  cici-pt 
at  its  begin uiiigj  thia  property  of  theirs  acts  iu  the  opporin 
direction,  and  diminisheH  the  flow.  Thus,  at  the  beginnmg  of 
inspiration  the  diniinutioii  of  hh>od-pressiirej  which  comnititeed 
during  (^;$;pimtiaii,  i»  continued,  but  after  a  time  the  diminutinQ 
is  succeeded  by  a  steady  rise  ;  the  reverse  is  the  ca»e  with  eipin- 
tion — at  firiit  tx  rise  and  then  a  fall. 

The  effect  of  the  nerroiui  sjrgt^m  in  producing  rhythmjcil 
altemtions  qatte  independeut  of  the  mechanically  caused  uuduU- 
tions  of  the  blood -pressure  is  two-fold.  In  the  first  place  the  tardi^ 
i H hi /jitoty  centre  w  stimulated  during  the  fall  of  blood-preisure, and 
produces  a  slower  rate  of  heart-beat,  which  will  be  noticed  m  the 
tracing  (fig,  3  J  S,  p,  55  5  ;  see  alfio  fig.  2  70,  p.  2  81)-  The  uudulfttlooi 
during  the  decline  of  blood* pressure  are  tlierefore  longer  but  ]m 
frecpient.  Thin  effect  dif^appears  when,  by  aectiou  of  the  Tflgi,tl» 
influence  of  the  centre  is  cut  off'  from  the  heart  (fig.  3 1 9i  i)>  in  thi 
second  place,  the  }fa$o-7iiotm-  centre  sends  out  rhythmical  impuk^ 
by  which  undnlationij  of  blood -pressure  are  produced,  quite  illd^ 
pendent  of  tlie  respiratory  undulations*  The  .capacity  of  da^ 
centre  to  produce  such  undulations  is  demonstrated  by  the  eiid- 
ence  of  the  Traube-Hering  curves,  which  we  have  already  studid 
(p.  2 99y  but  of  which  we  give  here  an  additional  figure  (fig.  319)^ 
It  is  probable  that  the  normal  respiratory  undulations  on  abtoodr 
pressure  curve  are  in  great  measure  produced  iu  a  similar  waj. 

Asphyxia. 

Asphyxia  may  be  pixKJuced  in  various  ways  :  for  example,  hj 
the  prevention  of  the  due  entry  of  oxygen  into  tiic  blood,  either 
by  direct  ubHtnictifJU  of  the  trachea  or  other  part  of  the  respi- 
ratory passages,  or  by  hitroducing  instead  of  ordinary  airagtt 
devoid  of  oxygen,  or  by  interference  with  the  due  interchange  ef 
gases  between  the  air  and  the  bloofl. 

The  symj)tonis  of  asphyxia  may  be  divided  into  three  groups, 
which  corresix)nd  with  the  stages  of  the  condition  which  are 
usually  recognised;  (i)  the  stage  of  exaggerated  breathing; 
(2)  the  stage  of  convulsions  ;  (3)  the  stage  of  exhaustion. 

In  the  first  stnf/e  the  breathing  becomes  more  rapid  and  at  the 
same  time  deeper  than  usual,  the  inspiration  at  first  being 
especially  exaggei*atcd  and  prolonged.  The  muscles  of  extra- 
ordinary inspinitiou  are  called  into  action,  and  the  effort  to 
respire  is  laboured  and  painful.  This  is  soon  followed  by  a 
similar  increase  i\\  W\^  ^'s.YW^toic^'   e^w\A,  ^Vx^^  \ifes»\sA  ^^wr 
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J  proloii^^]^  Wing  aided  hy  all  the  muweles  of  extitiordiuary 
■tioiv  IHiiing  this  stAge,  wbk4i  last^  a  varying  iiiue^  from 
\M%v  upwajids,  accor<lin«;r  ft**  iht*  deprivation  of  ox_vgeii  ia 
m  or  gnwlual,  tbe  lips  beitomt*  blue,  the  eyes  are  promineut, 
tljc  expre&iion  intensely  hdkious.  The  prolouge^i  resipira- 
jm;  accnmpanieti  by  a  drntiuctly  audible  isound  ;  the  mi] ^e lea 
h€(l  tu  the  chest  stand  i*nt  as  diMinct  cords.  Thij^  singe 
it\*f  the  two  conditions  hi/perptma  (excoisftive  I  wreathing)  and 
tfrn  fflithcult  bruuthing)  which  foUawM  later*  It  *m  due  to  the 
ugly  |iowerful  atiniuktioti  of  the  re^pimtory  centre  by  the 
Infill  gly  venoiiA  BIqckJ. 

the  iffcond  iUt^e^  vvliich  la  not  marked  by  any  distinct 
of  demarcation  from  the  first,  the  violent  expiratory  efforts 
ime  convul«ive,  and  thieii  give  way,  in  n>cn  and  other  wartn- 
ided  animals^  to  gencml  convulsions,  which  arise  from  the 
Iber  stimulation  of  tbe  centres.  Siwiams  of  the  muscles  of  the 
in  general  occnr,  and  not  of  tbe  respiratory  muscles  only.  The 
r\jikive  s^tage  i&  a  short  one,  and  lasts  lea^  than  a  minute, 
•hfi  third  »t<tge,  or  stiigc  of  cjrfutusti&n.  In  it  tbe  reapirationB 
hit  caaee,  the  spasms  give  way  to  flaccidity  of  the  muscles, 
is  insensibility,  tbe  eonjunctivie  are  insensitive  and  the 
I  are  widely  dilated.  Every  now  and  then  a  prolonged 
!g  iriHpiratlon  t/ikes  place,  at  longer  and  longer  itjter\*als, 
[  breathing  ceaae^  altogetlier,  and  deatii  ensnesv  During  this 
the  pulse  is  sc^irecly  to  be  felt,  but  tbe  heart  may  Wat  for 
seconds  after  the  re^piraiion  btis  stopped.  The  condition  is 
to  t!ie  gradual  j^aniljsis  of  the  respin*tory  centre  by  tbe 
iged  action  of  the  increasingly  venous  blood.  Thiti  stAge 
Insit  three  minutes  and  npwurda,         r 

je  t&nditi<m9  of  tht  m$rtdar  ^^jtUfft  hi  asphyxia  are : — 
More  or  less  interference  with  the  passage  of  the  blot>d  through 
ic  and  puhnonary  bUnid  -  vessel  s ;  (2)  Acemnuktion  of 
TO  the  right  side  of  the  heart  and  in  the  systemic  veins  j 
Circulation  of  impure  (nonat^rated)  blood  in  all  parts  of  the 

r 

Ifler  death  fromi  asphyxia  it  is  found  iu  the  great  majority  of 
that  tbe  riglit  side  of  the  heart,  tlie  pulmonary  arteries,  and 
lysteinic  veins  are  gorged  w  itlv  dark^  almost  black,  blood,  and 
left  side  of  the  heart,  the  pulmonary  veins,  and  the  artertesi 
empty.  The  explanation  of  thes^e  appearancDs  may  be  thus 
imariseil  :  when  oxygenation  ceases,  venous  blood  at  first 
freely  through  the  lungs  to  tbe  left  heart,  and  so  to  the 
arteries.  When  it  reaches  the  arterioles  either  by  its 
aetioii    upon    their    muscular   tisiue,   or   more    probably 


36o 


through  the  medium  of  the  vayjomoti^r    centrcsi  the  arknuU 
uoutmct,   particular! J  theme   of  the  splaiichtjic  area,  iht  hM 


Fig,  ^ao.-'Tbe  be&tt  in  tbe  fiittt  ttaire  of  upkfxla.    Tlie  Icift  cftTJtiea  mrt  mm  t<j  u 
iUit«Bid«d;   the  If  It  Tea^ule  pArtty  avcr£iip>  tlKr  tigllt.    J,a..  left  uiriclifr ;  l^iijuft 

r»i?.^  right  Tcatjfcle ;    ik  e.d,  ^  dewsenoiny  Tona  cam ;  *.  t.,a . » uceodi^  vefl*  on*.    (It  I 
Geciirge  JobniKia.) 

pressure  risea,  and  the  left  side  of  the  heart  becomes  diateii 
Although  tlie  arterioles  are  contracted,  the  highly  v<?noii8  3 


Fig',  jit.— The  ^aii  in  the  final  Htaifc  of  iii[^^la.    The  leCtov  Iwtte  tht  ni 

m  %^  3«o;  in  addition  *  ^.f,  TvprvmenXs  the  pultimmaiy  enpitUrim.  Thenijht  buriv'k 
«nd  wntride,  aod  the  palinonuT  artery,  wn*  hxUj  dMimf\pd,  while  the  left  c«.vHI«i  of 
tbt  boirt  uud  the  ftort&  ahi  D<>fuiy  emp^.     (8ir  OeDiY?  Joluuioti. j 

is  allowed  to  pass  through  them,  and,  favoiirisd  by  the  ktiouiiod 
respiratory  uiuvemeutSj  arrives  at  the  right  side  of  the  honru 
When   it   reaches   the   puWuyua,!-^^   iLrt^xUil^ia  it  ^Ivoa  rise   to  * 
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certain  amount  of  constriction  of  them  as  of  the  systemic  vessels. 

The  obstruction  to  the  circulation  through  the  lungs  thus  produced 

aasisU  in  bringing  about  a  distended  condition  of  the  right  heart 

and  pulnKmary  artery',  and,  on  the  other  liand,  produces  a  diminished 

l>lood-flow  through  the  pulmonar}'  veins  into  the  left  side  of  the 

heart.     The  main  cause,  however,  of  the  distended  stjito  of  those 

parts,  is  due  to  the  facl  that  the  suction  action  of  the  left  ventricle 

diminishes  as  asphyxia  progresses,  and  so  the  blood  accumulates 

in  the  right  heart  and  veins.     In  the  third  stage  of  asphyxia  the 

left  side  of  the  heart  therefore  gets  into  the  empty  condition  in 

which  it  is  found  after  death.     (See  figs.  320  and  321.)    ' 

In  the  first  and  second  stages  of  aspliyxia  the  arterial  blood- 
pressure  continuously  rises  luitil  it  reaches  a  point  far  ul)Ove  the 


Fff .  jaz.  — Blood-prenure  tradng  during  asphyxia,  much  reduced  in  nixe.  The  tradnf  wa 
taken  br  a  manometer  connected  witn  the  femoral  artery  of  a  dog  under  curare 
Artificial  resfkiimtioii  waa  diacMmtinued  at  X.  Both  vagi  had  beon  previoualy  divided 
If  the  Taffi  are  not  divided,  the  riae  of  premure  i«  much  leiw,  and  the  heart  beata 
very  alowly.  TUa  enables  the  heart  to  last  longer,  and  is  due  to  excitation  of  the 
cudio-inhibitory  centre  by  venous  blood.    (Starling.) 

normal,  and  in  the  third  stage  bltKnl-prcssiire  falls  rapidly.      A 
tnicing  of  the  arterial  pressure  is  sliowii  in  fig.  322. 


Effects  of  Breathing  Oases  other  than  the  Atmosphere. 

The  diminution  of  oxygen  has  a  more  direct  influence  in  tiie 
production  of  asphyxia  than  the  increased  amount  of  carbonic 
acid.  Indeed  the  fatal  efi'ect  of  carbonio  acid  in  the  bUnxl  when 
a  due  supply  of  oxygen  is  maintained,  resembles  ratiier  tiie  action 
of  a  narcotic  poison  than  it  does  asphyxia. 

Then  again  we  must  carefully  distinguisli  the  asphyxiating 
effect  of  an  insufficient  supply  <>f  oxygen  from  the  directly 
pois<mous  action  of  such  a  giis  as  carbonic  oxide,  which  is 
conUiined  to  a  considerable  amoimt  in  common  coal-gas.  The 
fatal  ettects  often  produce<l  by  this  gas  (jus  in  accidents  from 
burning  charcoal  stoves   in  small,  close  rooms),  are  due  to  its 
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entering  into  combination  with  the  haemoglobin  of  the  blood- 
corpuscles  and  thus  expelling  the  oxygen.  Hydrogen  may  take 
the  place  of  nitrogen  if  the  oxygen  is  in  the  usual  proportion, 
with  no  marked  ill  effect.  Sulphuretted  hydrogen  interferes 
with  the  oxygenation  of  blood.  Nitrous  oxide  acts  directly 
on  the  nervous  system  as  a  narcotic.  Certain  gases,  such  u& 
carbon  dioxide  in  more  than  a  certain  proi>ortion ;  sulphurous 
and  other  acid  gases,  ammonia,  and  chlorine  produce  spcw- 
modic  closure  of  the  glottis,  and  are  irrespirable. 

Alteration  in  the  atmospheric  j>7'es9ure. — The  normal  conditiou 
of  breathing  is  that  the  oxygen  of  the  air  breathed  should  be 
at  the  pressure  of  J  of  the  atmosphere,  viz.,  ^  of  760  mm.  of 
mercury,  or  152  mm.,  but  it  is  found  that  life  may  be  carried  ou 
by  gradual  diminution  of  the  oxygen  pressure  to  considerably  less 
than  one-half  of  this,  viz.,  to  76  mm.,  or  the  equivalent  of 
i\i  partial  pressure,  which  is  reached  at  an  altitude  alx)ve 
15,000  feet.  Any  pressure  less  than  this  may  begin  to  produce 
alterations  in  the  relations  of  the  gases  in  the  blood,  and  if  an 
animal  is  subjected  suddenly  to  a  marked  decrease  of  barometric 
pressure,  and  so  of  oxygen  pressure  (below  7  per  cent.),  it  is 
thrown  into  convulsions,  and  it  is  found  that  the  gases  are  set  free 
in  the  blood-vessels,  no  doubt  Ciirbon  dioxide  and  oxygen  as  well 
as  nitrogen,  although  the  latter  is  the  only  one  of  the  three  gases 
the  presence  of  which  in  the  vessels  in  death  from  this  condition 
of  affairs  has  been  proved ;  the  others  are  said  to  be  re-absorbed. 
Other  derangements  may  precede  this,  e.g.,  bleeding  from  the 
nose,  dyspna^a,  and  vascular  derangement.  On  the  other  hand, 
the  oxygen  ma>*  l)e  gradually  increased  to  a  considerable  extent 
without  marked  effect,  even  to  the  extent  of  8  or  20  atmospheres, 
but  when  the  oxygen  pressure  is  increase<l  up  to  20  atmospheres 
the  animals  exj)erimented  upon  by  Paul  Bert  died  with  severe 
letanic  convulsions.  The  alteration  of  pressure  al)0ve  or  below  a 
certain  average  affects  primarily  the  gaseous  interchange  in  the 
lungs,  and  then  that  in  the  tissues  generally.  Signs  of  dyspnoea 
may  be  also  prtxiuceil  by  vnttin'j  off  the  suj^ply  of  blood  to  the 
medullary  cent r en,  or  by  i/^rmivf/  the  hhM^pd  of  the  carotid  arteries. 
The  cause  in  the  former  case  is  the  deprivation  of  oxygen 
and  the  accumulation  of  the  carbon  dioxide,  and  in  the  latter, 
the  increased  metaljolism  of  the  centre  set  up  by  the  warmed 
blood. 

That  con8ideral>le  variations  of  pressure  may  occur  without 
producing  ill  effects,  is  due  to  the  fact  which  we  study  more  fully 
in  the  next  section  of  this  chapter,  that  the  blood  gases  are  mostly 
in  a  state  of  chemical  com\>\\vt\t\ov\,  wov  ol  «vitt^\^  v^VavVstu 
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jChbmistrt  of  Respiration. 

The  atmospheric  air  does  not  to  any  great  extent  penetrate  beyond 
the  bronchial  tubes ;  the  gases  which  get  into  the  smaller  tubes 
and  air-vesicles  do  so  principally  by  diffusion.  The  most  vigorous 
expinitory  effort  is  unable  to  expel  the  alveolar  air.  This  air  and 
the  blood  in  the  capillaries  are  sepjirated  only  by  the  thin  capil- 
lary and  alveolar  walls.  The  blood  parts  with  its  excess  of  car- 
bonic acid  and  watery  vapour  to  the  alveolar  air;  the  blood  at 
the  same  time  receives  from  the  alveolar  air  a  supply  of  oxygen 
which  renders  it  arterial. 

The  intake  of  oxygen  is  the  commencement,  and  the  output  of 
carbonic  acid  is  the  end  of  the  series  of  changes  known  as  respi- 
ration. The  intenne<liate  steps  take  place  all  over  the  body 
and  constitute  what  is  known  as  tisme-resjnration.  The  oxygen 
which  goes  into  the  blood  is  held  there  in  loose  combination 
as  oxyhaemoglobhi.  In  the  tissues  this  substance  parts  with  its 
respiratory  oxygen.  The  oxygen  does  not  necessarily  luidergo 
immediate  union  with  carbon  to  form  carbonic  acid,  and  with 
hydrogen  to  form  water,  but  in  most  cases,  as  in  muscle,  is  held 
in  reserve  by  the  tissue  itself.  Owing  to  this  reserve  oxygen,  a 
muscle  will  contract  in  an  atmosphere  of  pure  nitrogen  and  yet 
give  off  carbonic  acid ;  and  a  frog  will  live  under  the  same 
conditions  and  give  off  carl)onic  acid  for  several  houi-s.  liesides 
carbonic  acid  and  water,  certain  other  products  of  combustion  are 
generated ;  those  like  urea  and  uric  acid,  which  are  the  result  of 
nitrogenous  metabolism,  ultimately  leave  the  body  in  the  urine. 
Tlie  carbonic  acid  and  a  portion  of  the  water  tiud  an  outlet  by 
the  lungs. 

Inspirecl  and  Expired  Air.— The  composition  of  the  in- 
spired or  atmospheric  air  and  the  expired  air  may  be  compared 
in  the  following  table  : — 


Oxygen 
Nitrogen 
Carbonic  acid 
Watery  vajwur 
Temperature 


Inttpired  jtir. 


I     20*96  vols,  per  cent. 

,     79 

004     ,.  ., 

I  vanable 

I 


l-lsciniTd  air. 


16*03  ^'**^^-  I  *^'"  ^'^'n^- 
79 
4*4        - 

saturatt'il 
that  of  ImkIv  (36'  r.) 


The  nitrogen  remains  unchanged.  The  recently  discovered  pises 
argon,  crypton,  &o.,  are  in  the  above  talkie  reckoned  in  with  the 
niti'ogen.     Thej  are,  however,  only  present  in  minute  quantities. 
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The  chief  change  is  in  the  proportion  of  oxygen  and  catbonic 
acid.     The  loss  of  oxygen  is  about  5,  the  gain  in  carbonic  acid 
about  4-5.    If  the  inspired  and  expired  airs  are  carefully  measared 
at  the  same  temperature  and  barometric  presBuro,  the  volume  of 
expired   air   is  thus   found  to  be  rather  less  than  that  of  the 
inspired.*    The  conversion  of  oxygen  into  carbonic  acid  would  not 
cause  any  change  in  the  volume  of  the  gas ;  for  a  molecule  of 
oxygen  (O.,)  would  give  rise  to  a  molecule  of  carbonic  acid  (COj) 
which  would  occupy  the  same  volume  (Avogadro's  law).     It  Diiwt, 
however,   l)e  remembered  that  carbon  is  not  the  only   element 
which  is  oxidised.      Fat  and  proteid  contain  a  number  of  atoms 
of   hydrogen,  which,  during  metabolism,  are   oxidised    to   form 
water ;  a  small  amount  of  oxygen  is  also  used  in  the  formation 
of  urea,     (.'arbohydnites  contain  sufficient  oxygen  in  their  own 
molecules  to  oxidise  their  hydrogen ;  hence  the  apparent  loas  of 
oxygen  is  least  when  a  vegetable  diet  (that  is,  one  consistiog 
largely  of  stanch  and  other  carbohydrates)  is  taken,  and  greatest 

when  much  fat  and  proteid  are  eaten.    The  quotient  ^   "  f^ — z--r 

Og  abfiorbed 

is  called  the  respiratory  quotient.     Normally  it  is-^-S- =o'9,  but 

it  varies  considerably  with  diet  as  just  stated.  It  varies  also  with 
muscular  exercise  as  the  output  of  carbonic  acid  is  then  increased 
both  al«olutely  and  relatively  to  the  amoinit  of  oxygen  used  up. 

The  amount  of  respirator}*  interchange  of  gases  is  estimated  br 
enclosing  an  animal  in  an  air-tight  chamber,  except  that  there  is 
a  tubt*  entering  and  another  leaving  it ;  by  one  tube  oxygen  or 
air  can   enter  and  is   measured  by  a  gas-meter  as  it  passes  in. 
The  air  is  drawn  through  the  chamber,  and  leaves  it  by  the  otbej 
tube  :  this  air  has  l>een  altered  by  the  respiration  of  the  auimji/ 
and  in  it  the  carbonic  acid  and  water  are  estimated ;  the  carbotijQ 
acid  is  ostimateil  by  drawing  the  air  through  tubes  coutainiiLv. 
known  amount  of  an  alkali ;  this  combines  with  the  carbonic  acid 
and  is  increased  in  weight  :    the   increase  in   weight  gives  tbfl 
amount  of  carbonic  acid  :  the  alkali  used  in  Regnault  and  Reisetfi 
apparatus  was  potash  ;  Peitenkofer  used  liaryta  water ;  Haldane 
recommends  soda-lime.     The  water  is  estimated  in  l\xbeft  oontainlne 
pumice  moisteutnl  with  sidphuric  acid. 

Rankc  gives  the  following  numbers  from  ^^P^t\menU  made  «\ 
a  man,  who  was  taking'  a  mixed  diet  consistinio^^  ^^^^^  ^cmm« 
of  proteid,  100  of  fat.  and  250  of  carWhydrate    ^  \v.^(iX^«x\\.3-^wfl 

•  This  dimiDUtion  of  mlame  will  cause  a  slight  risesss^  wt«8^*««»^^ 

vnlmne  of  nitrogen  per  cent,  ^S,^^^ 
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houre.  The  amount  of  oxygen  absorbed  in  the  same  time  was 
666  grammes;  of  which  560  passed  off  as  carbouic  acid,  9  in 
urea,  1 9  as  water  formed  from  the  hydrogen  of  the  proteid,  and 
78  from  that  of  the  fat. 

Vierordt  from  a  numl)er  of  experiments  on  human  beings  gives 
the  following  numbers  :  the  amount  of  oxygen  absorbed  in  the 
twenty-four  hours,  744  grammes ;  this  leads  to  the  formation  of 
900  grammes  of  carbonic  acid  (this  contains  about  half  a  pound 
of  carbon)  and  360  grammes  of  water. 

The  respiratory  interchange  is  lessened  during  sleep.  It  is 
especially  small  in  the  winter  sleep  of  hibernating  animals. 

dreumstancfs  affecting  the  amuvnt  of  carhonlc  acid  excreted,  (a)  Age 
and  $ex.  In  males  the  quantity  increases^  with  growth  till  the  age  of  30  ;  at 
50  it  begins  to  diminish  again.  In  females  the  decrease  begins  when 
menstruation  ceases.  In  females  the  quantity  exhaled  is  always  less  than 
in  males  of  the  same  age. 

Cb)  Re»p'ir€Uory  nwremenfs. — The  quicker  the  respiration  the  smaller  is 
the  proportionate  quantity  of  carbonic  acid  in  each  volume  of  expired  air. 
The  total  quantity  is,  however,  increasetl,  not  because  more  is  formed  in  the 
tiasuea,  but  more  is  got  rid  of.  The  last  jxirtion  of  the  expired  air  which 
comes  from  the  more  remote  parts  of  the  lunp*  is  the  richest  in  carbonic 
acid. 

(c)  Externtil  temperature, — In  cold-blooded  animals,  a  rise  in  the  external 
temperature  causes  a  rise  in  their  body  temperature,  accompanied  with 
increased  chemical  changes,  including  the  formation  of  a  larger  amount  of 
eirbonic  acid.  In  warm-blooded  animals,  it  is  just  the  reverse :  in  cold 
weather  the  temperature  has  to  be  kept  at  the  normal  level,  and  so  increased 
combustion  is  necessary. 

(d)  Food. — ^This  produces  an  increase  which  usually  comes  on  about  nn 
boor  after  a  meal. 

(e)  Exercite. — Moderate  exercise  causes  an  increase  of  about  30  to  40  per 
cent,  in  the  amount  excreted.  With  excessive  work,  the  increase  is  still 
greater. 

DifltLrion  of  GkiseB  within  the  Lungs. — If  two  chambers 

containing  a  mixture  of  gases  in  unequal  amount  are  connected 

together,  a  slow  movement  called  difl'usion  takes  place  until  the 

percentage  amount  of  each  gas  in  each  chamber  is  the  same.    Let 

U8  suppose  that  one  chamber  contains  a  large  quantity  of  oxygen 

and  a  small  quantity  of  carbonic  acid  ;  and   the  other  a  small 

quantity  of  oxygen  and  a  large  quantity  of  carbonic  acid  ;  the 

oxygen  moves  from  the  first  to  the  second,  and  the  ciirlx)nic  acid 

frotn.  the  second  to  the  first  chamber.     The  pressure  of  a  gas  is 

proportional  to  the  percentage  amount  in  which  it  is  present  in  a 

jjjixture.      This  is  ta'ue  for  each  gas  in  a  mixture,  the  presence  of 

f,hc  others  making  no  difference. 

In  the  atmosphere,  for  instance,  the  total  Imrometric  pressure 
£ff  7  60  mm.  of  mercury  ;  the  amount  of  oxygen  in  the  air  is 
f-ou^hlj  one-fifth,  and  the  pressure  it  exercises  is  also  one-fifth 
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of  760 ;  tho  uitrageii  accotints  for  the  other  four-fiftbi,  Tli 
carhouic  acid  m  present  in  tsuch  small  qiiautities  that  the  prettun 
it  exercises  is  only  a  fmction  of  a  millimetre. 

lu  tho  alveular  air,  liowevcr^  the  carhonic  acid  ia  present  m 
larger  and  the  QKygen  in  smaller  aoioiuit ;  and  in  the  intennediate 
air  pannages  there  is  an  h  iter  mediate  condition :  benc-o  as  iu  the 
two  chambers  we  lirst  cou^iidcrecl,  oxygen  diffuses  down  to  the  air 
vesicles,  and  carlxjnic  acid  from  tliem.  These  alow  movemeiiu  of 
diffusion  are  agisted  by  the  large  draughts  which  are  create  in 
the  upper  reapiratory  tract  by  the  respimtory  movements  of  the 
chest. 

Gkkses  of  the  Blood. — ^From  100  vohimijs  of  blood,  about  6a 
volumes  of  ga^j  can  be  removed  hy  the  mercurial  air-pump.  The 
average  conipg^iitian  of  this  gas  in  dog^s  blood  is  :~ 


AiterW  blood. 

VHiOTiWn 

Oxj-gen     . 

20 

8  to  12 

Nitrtigcn   . 

I  to  2 

I  to  2 

Carlionit;  acid    . 

40 

4^ 

The  nitrogen  in  the  blood  ia  jjimply  dissolved  from  the  air  juift 
as  water  would  dissolve  it ;  it  has  no  physiological  importance, 
The  other  two  gases  are  present  hi  nuich  greater  amount  than  can 
be  explained  hy  simple  sfilution;  they  anj,  in  fact,  chieBy  present 
in  loose  chemieai  combinations.  Le&^  than  one  volume  of  th« 
oxygen  and  about  two  of  carbonic  acid  are  present  in  simple 
solution  in  the  phisnm. 

Oxygen  in  tiie  Blood. — -The  amount  of  gas  dissolved  to  % 
licpiid  varie?;  with  tho  pn^*jure  of  the  gas ;  double  the  presaurt 
and  the  anion nt  of  gus  diMSulved  is  doubled.  Now  this  does  nOG 
occur  in  tlu*  case  of  oxygen  and  blood  ;  very  nearly  the  aaaw 
amount  of  (fxygen  in  dissolved  whatever  be  the  pressure,  "We 
have  thus  n  pnwf  that  oxygen  is  not  merely  dissolved  in  the 
blood,  but  la  iu  chemicnl  union;  and  the  fact  that  the  oxygen  of 
oxyhrtjmoglobin  can  be  replaced  by  equivalent  quantities  of  other 
gases,  like  carbonic  oxide,  is  a  further  proof  of  the  same  8tat^ 
ment.  The  tension  or  partial  pressure  of  oxygen  in  the  air  of  the 
alveoli  is  less  than  that  in  the  atmosphere,  but  greater  than  that 
in  venous  blood;  hence  oxygen  pjisses  from  the  alveolar  air  into  the 
blood -plasma ;  the  oxygen  immediately  combines  with  the  haemo- 
globin, and  thus  leaves  the  plasma  free  to  absorb  more  oxygen;  and 
this  goes  on  until  the  hiemoglobin  is  entirely,  or  almost  entirely, 
saturat(Mi  with  oxygen.  The  reverse  change  occurs  in  the  tissues 
when  the  partial  pressure  of  oxygen  is  lower  than  in  the  plasma, 
or  in   the  lymph  that  bathes  the  tissue  elements  \  the 
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|mrts  wiUi  itji  oxygen  to  the  lirmpht  the  lymph  to  the  tisaueB ; 

bt?  oxjhiiJiyoglobin  theu  uudergoea  dissociation  to  supply  more 
^jiygeu  lo  the  pta&ma  and  Ijuiph,  and  thuis  iti  tuna  to  the  tissues 

:ice  more.     This  goes  on  until  the  ox y haemoglobin  loses  a  great 
ir^rtioii   of   its  i^tore  of   oKygeu,  but  even   in  asphyxia  it  does 

ot  lose  all. 
The  following  Tahies  iire  jLp%*en  by  Fredericq  f(»r  the  tension  of 

Kygetk  in  |>ercei3tiiges  of  an  atmosphere.      HLs  eit  peri  men ts  were 

oiide  on  dogSw 


Alveobir  nU 
Arteruii  bliHjtl 


3096 
o 


! 


Tlie  arniw  abows  tlie  direction  in  which  the  gas  passes. 

V\"bea  the  gases  are  i*eing  pumped  off  from  the  bloody   very 

httle  oxygen  eomes  otf' till  the  pressure  bjia  been  greatly  redneed, 

ad  then,  at  a  eerUiin  point,  it  is  disengaged  at  a  burst.     This 

iiows  that  it  is  not  in  simple  solution  hut  is  united  cheniically  to 

an»e  oonstitneut  of  the  blood,  which  is  suddenly  diftsociated  at  the 

hiced  pressure.     This  eimatituent  of  the  blooii  h  haemoglobin. 

The  avidity  of  the  tissues  for  oxygen  is  shown  by   Khrlich^s 

tperimenta  with  methylene  bhie  and  similar  pigments.     Methy- 

ae  bine  is  more  stable  than  oxyhteuuigloliiu  ;  but  if  it  is  injeeted 

nto  the  circnltttion   of  a   living  animal,  and  the  animal  killed 

A  few  minutes  later,  the  blood  is  fonntl  dark  blue,  but  the  organs 

(esfpecially  those  wliieh  like  glandular  organs  are  in  a  state  of 

jurtivity )  colourlesfi.    On  exjxisure  to  oxygen  the  organs  become  blue. 

Ill  other  ttLirds^  the  ttssnes  have  removetl  the  oxygen  from  njethyleue 

^blae  to  form  a  colourless  re<lnctron  prLMliu-t  ;  on  eiipmure  to  the 

^Hir  this  once  more  unites  with  oxygen  to  form  methylene  blue. 

^M    Carboaic   Acid   in   the   Blood. — What  lias  been  said  for 

B  oxygen   liolds  good   iu   the    reverse   direetion   for  carbonie  acid. 

Compounds  are   formed   in  the  tissues  where  the  tension  of  tlie 

gas  is  higii  :   these  pass  into  tlie  lymph,  then  into  the  blood,  ami 

»m  the  lungs  they  undergt>  disso*5iation,  carbonic  acid  jmssing  into 
the  alveolar  air,  wiiere  the  tension  of  the  gas  is  ciijnparatively 
low,  though  it  is  greater  here  than  in  the  expired  air. 

tThe  relations  of  this  gn«  ant!  the  comp<^aind8  it  forms  are  more 
complex  than  in  the  case  of  oitygeu.  If  blood  is  divided  into 
plasma  and  corpuscles,  it  will  be  found  that  l>oth  yield  carbonic 
acid,  but  the  yield  from  the  plasma  is  the  grtater.  If  we  place 
blood  in  a  vacuum  it  bnbhleSt  and  gives  out  all  its  gasea ;  mldi- 
tiou  of  a  weak  acid  causes  no  furtlier  liberation  of  carbonic  acid* 
When  plasma  or  serum  is  similarly  treated  the  gas  alsi3  comes  off, 
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but  about  5  per  ceut.  of  the  carbonic  acid  is  fixed — ^that  ia,  it 
requires  the  addition  of  some  stronger  acid,  like  phosphoric  add, 
to  displace  it.  Fresh  red  corpuscles  will,  however,  take  the  pUee 
of  the  phosphoric  acid,  and  thus  it  has  been  sunnised  thit 
oxyhseraoglobiii  has  the  properties  of  an  acid. 

One  hundred  volumes  of  venous  blood  contain  forty-six  volumes 
of  carbonic  acid.  Whether  this  is  hi  solution  or  in  chemi«l 
combination  is  determined  by  ascertaining  the  tension  of  the 
gas  in  the  blood.  One  hundred  volumes  of  blood-plasma  would 
dissolve  more  than  an  ecpial  volume  of  the  gas  at  atmospheric 
pressure,  if  its  solubility  in  plasma  were  equal  to  that  in  water.* 
If,  then,  the  carbonic  acid  were  in  a  state  of  solution,  its  tensioD 
would  be  very  high,  but  it  proves  to  be  only  equal  to  5  per  cent 
of  an  atmosphere.  This  means  that  when  venous  blood  is  brought 
into  an  atmosphere  containing  5  per  cent,  of  carbonic  acid,  the 
blood  neither  gives  off  any  carbonic  acid  nor  takes  up  any  from 
that  atmosphere.  Hence  the  remainder  of  the  gas,  95  per  cent, 
is  in  a  condition  of  cheuiical  combination.  The  chief  compound 
appears  to  be  sodium  bicarbonate. 

The  carbonic  acid  and  phosphoric  acid  of  the  blood  are  in  a  i 
state  of  constant  struggle  for  the  possession  of  the  sodium.  The 
salts  formed  by  these  two  acids  depend  on  their  relative  masaei 
If  carbonic  acid  is  in  excess,  we  get  sodium  carbonate  (Na/X)|), 
and  mono-sodium  phosphate  (\aH2PO4) ;  but  if  the  carbonic  add 
is  diminished,  the  phosphoric  acid  obtains  the  greater  share  of 
sodium  to  form  disodium  phosphate  (Na2HP04).  In  this  way,  as 
soon  as  the  amount  of  free  carbonic  acid  diminishes,  as  in  the 
lungs,  the  amount  of  carbonic  acid  in  combination  also  decreaaes ; 
whereas  in  the  tissues^  where  the  tension  of  the  gas  is  higheat, 
a  large  amount  is  taken  up  into  the  blood,  where  it  forms  sodium 
bicarbonate. 

The  tension  of  the  carbonic  acid  in  the  tissues  is  high,  but  one 
cannot  give  exact  figures ;  we  can  measure  the  tension  of  the  gas 
in  certain  secretions :  in  the  urine  it  is  9,  in  the  bile  7  per  cent 
The  tension  in  the  cells  themselves  must  be  higher  stilL 

The  following  figures  (from  Fredericq)  give  the  tension  of 
carbonic  dioxide  in  percentages  of  an  atmosphere  : — 

Tissues 5  to  9     J 

Venous  blocxi     .                  .         .  38  to  5*4  I  in  dog. 

Alveolar  air        .         .         .         .  2*8        I 

External  air       .        .                 .  0*03 

The  arrow   indicates   the  direction  in   which  the  gas  paaaes, 

♦  To  l)c  exact,  the  solubility  of  carbon  dioxitle  in  plasma  in  a  little  lea 
thaD  in  pure  water. 


cw.  :X3KIV.]  TISSUE-RESPIRATION.  3^9 

namelj,  in  the  direction  of  pressure   from    the   tissues  to  the 
atmosphere. 

Ii^  some  other  exp>eriments,  also  on  dogs,  tlie  following  arc  the 
figurc?8  given: — 

Arterial  blood 2-8 

Venous  blood 54 

Alveolar  air 3-56 

Expired  air 2  '8 

I"t  will  be  seen  from  these  figures  that  the  tension  of  carbonic 
*^i<i  in  the  venous  blood  (5*4)  i"*  higher  tlian  in  tiie  alveolar  air 
(3'5^);  its  passage  into  the  alveolar  air  is  therefore  intelligible 
^y  "the  laws  of  osmosis.  Osmosis,  however,  should  cease  when 
tlie  t^ension  of  the  gas  in  the  blood  and  alveolar  air  are  ecjual. 
^^t  the  transference  goes  beyond  the  establishment  of  such  an 
®<l^»^ilibrium,  for  the  tension  of  the  gjis  in  the  blood  continues  to 
®^^lc  until  it  is  ultimately  less  (2*8)  than  in  the  alveolar  air. 

The  whole  question  is  beset  with  great  difficulties  and  contra- 
dictions.      Analyses  by    different    observers    have    given    verj^ 
different    results,   but    if    such    figures    as    those    just    quoted 
^*^     ultimately  found   to   be  correct,   we  can  only  explain  this 
*Pp«rent  reversal  of  a  law  of  nature  by  supjxwing  with   Bohr 
^*^^t;  tlic   alveolar  epithelium    possesses    the   |M.)wer  of  excreting 
^'^^'Vwnic   acid,  just    as    the    cells   of   secreting    glands  are  able 
^     select  certain  materials    from  the    bliMxl  and    reject   others. 
*^^<2ent  work  by  lV)hr  and  Haldane  lias  also  shown  that  in  all 
P^'^^lability  the  same  explanation — epithelial  activity — must    be 
^Hcd  in  to  accoimt  for  the  absorption  of  oxygen.      In  the  swim- 
^^-dder  of  fishes  (which  is  analogous  to  the  lungs  of  manimals)  the 
^^^gen  is  certainly  far  in  excess  of  anything  that  Ciin  be  explained 
3^   mere  diffusion.     The  storage  of  oxygen,  moreover,  ceases  when 
^^  vagus  nerves  wliich  supply  the  swiin-bladder  are  divided. 
^       M^lBBue-Bespiration. — Before  the  [)nxes.ses  of  respiration  were 
^^Vly  understood   the  lungs   were   looked    upon    as    the  seat   of 
y^^^iibustion ;  they  were  regarded  as  the  stove  for  the  rest  of  the 
^^-Kiy  to  which  effete  material  was  brought  by  the  venous  bUxKi  to 
7^^    burnt  up.     When  it  was  shown  that  the  venous  bloai  going 
7*^     the    lungs   already   contained    wirbonic    acid,   and    that    the 
^^tnperature  of  the  lungs  is  not  higher  than   that    of  the  rest 
^  the  body,  this  explanation  had  of  necessity  to  be  dropped. 
Physiologists  next  transferre<l   the  seat  of  the  combustion  t^ 
^Vie  blood;  but  since  then  mmierous  facts  and  experiments  have 
^^monstrated  that  it  is  in  the  tissues  themselvcis,  an<i  not   in  the 
*^lood,  that  combustion  occurs.     The  mcthylene-blue  experiments 
Already  described  (p.  367)  snow  this  ;  and  the  following  experiment 
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is  also  quite  coiiohiiiiivc      A  fnig  can  be  kept  alive  for  tcmt  ^ 
after  salt  aohitiun  ik  ^^iibi^tituted  for  iU  blood  *     The  metftbo^  i 
goes  on  aetivuiy   if  the  atniual   la  kept   id    pure   oxjgeu,   tl^j 
taking  up  of  ojiyjjfeu  Mid  giving  out  of  carbonic  acid  must  ^i^  \ 
fore  occur  m  tbc  tii^itu^i^  nn  the  uuiinid  has  no  blood. 

Ventilation.. — It  in  ui^cosiyiry  to  allude  in  cuuclusioa  to  thiiTttr  \ 
important  practind  out<.'OiiJc  of  our  connideration  of  reftpiratioD. 

Some  Coutujental  oh^ciTers  htivo  sUttcd  that  certain  iniikiii 
substances  are  oniiuurily  c^)ut4iined  in  eiEpired  air  which  are  mutk  I 
more  poisoiioui^  than  c:irl>unic  tioid,  but  reHoarehes  in  this  oountn 
have  failed  to  ^subt^iantiate  thia  If  precautious  be  tAkeQbrJ 
absolute  cleanlitje^s  Ut  prevent  admixture  of  the  air  Mithei^l 
tions  from  tikin,  tuet  li,  and  clothes,  the  expired  air  ouly  otm^  I 
one  noxious  Biib?itaijct,  and  tluit  is  earboniu  iw;id. 

Absolute  cK-aiiliiieHS  ijs  however  not  the  rule  j  and  the  lit  ^1 
rooms  beoomoH  atuth  wbun  tht^  amoimt  of  expired  air  in  tliemi] 
just  so  much  iui  to  raiise  the  percentage  of  carbonic  acid  to  oi  I 
per  cent.  An  atiult  gives  oti'  about  0-6  cubic  feet  of  uarboDkl 
acid  per  lio\ir,  and  If  he  is  -supiilied  with  j,ooo  cubic  feet  of  h 
air  per  hovir  he  will  add  0-6  Iaj  the  0*4  cubic  feet  of  oarb 
acid  it  already  fontiaus  ;  in  other  words  the  percentage  of  I 
gas  will  lie  rahed  to  o'l.  An  hourly  supply  of  2,000  cubic  \ 
fresh  air  will  hjwcr  the  percentage  of  earlxinie  acid  to  0*07,  mi  1 
of  3,000  cubit'  feet  U>  o"o6j  and  this  is  the  supi^ly  which  is  lUauUj 
recommeniletl.  In  unler  that  the  iiJr  timy  be  renewed  iri£bw 
giving  rise  to  dninght^  eaeh  adidt  should  be  allotted  suSdutj 
space  in  a  r<»on),  at  least  1,000  cubic  feet. 

The  MercuHat  Air-Piuup> 

The  t'xtnicuiin  -pf  thu  praist^  ftimi  the  UlkkI  b  (ici^miiiliabed  by  mBun  e(  | 
a  iiiiMcurial  :iit-jniiiin,  rtf  wliuli  Iht-ru  aru  nmtij  vmietitu,  tbi^jse  of  Ludw^i; 
Alv«'r;;niat,  (jLissh'r,  ilihI  J^prcnp-I   hi.-irji;  thi-  rbiff.     The  i>rindtjle  of  $f^  I 
ill  all  i>  thf^jiiiuv     hinjwi^\^  umiip.  wliifU  inny  be  tnken  as  a  type,  hnpn-  j 
sen  1 1"*  I  in  tig,  522  A.      li   L'*^ii^i?iiTi  uf  tttv>  lixcd  jifhw^  plobes,  C  and  J,  the  J 
upper  one  coiiiJiiuTiieuHii*:  Uy  iitLims  iif  (he  }ito]K^>L'k^  JJ^  and  ft  stout  itsA^l 
rubbei-  tutu:  wit}i  !kiindn*r  ii\:is^  jrl^lK^^  L,  ivhic)i  can  bt;  inisc<i  Qt  luwwal^ 
bj'  means  <^f  a  pulley  :  it  nU>  t:omtruifiiniter+  by  menus  of  a  fftoiKSJck,  A«d 
a  >>ent  j^hisw  tiibi^  .1.  wilh  ii  (ftui  nxriver  (iiot'repreHCiitcil  in  the  figure):  i 
(iip8  into  a  l^nw!  i>f  iinii  (irv ,  sai  tluu   thr  ir.is  may  be  reeeiv-^l  f^y^^^^  oneitiun. 
The  l(»wer  j|flul»e.  /'.  rniiiimiiiiLjiier>  witli  /'  by  inuans  of  the  stupcoek,  /.',  wi(fc 
J  in  whic'li  the  bkKwl  is  oontainefl  bv  the  stopeock.  (r.  and  with  a  morahle 
j^la^s  j:1oIh\   M,  similar  to  L,  by  means  of  the  stopcock,  7/»  and  the  stunt 
in<lia-nibbLr  lubi-.  A'. 

In  onler  to  w^rk  tlic  pump,  L  anJ  .1/ are  tille<l  with  mercury,  the  blond 
fnjm  which  th«?  pase-  are  to  U*  extracted  i^  placctl  in  the  bulb  /,  the 
Ht<>pc<x'ks,  //.  /;.  /A  and  Ji,  bein^^  «»pen.  and  (r  cli»su<i.  -V  i»  raisi-d  by  meue 
of  the  pulley  until  /'  is  full  of  mercury,  and  flu;  air  is  <lriven  out.  A'istbeo 
c'h>setl,  and  L  U  rai>e  I  so  that  f  lK.-«-..m.s  full  nf  mercury,  and  the  air  i« 
driven  ofF.  /f  is  ilien  cli»Mt|.  On  lowering  L  the  mercury  rundinto  it  from 
^'. and  a  vacuum  is  est^-iblished  in   /".     On  opening  A' and  lowering  if,* 
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_  I  is  timilarly  established  inF;  if  ^  is  now  opeued,  the  blood  in  /  will 
ter  into  ebullition,  and  the  gases  will  pass  off  into  /'and  C,  and  on  raising 
and  then  X,  the  stopcock  B  being  oi>ened  and  O  closed,  the  gas  is  driven 
oagh  Aj  and  is  received  into  the  reociver  over  mercury.  By  rc{)eating  the 
lenment  several  times  the  whole  of  the  gases  of  the  specimen  of  blood  is 
iasned,  and  may  be  estimated. 

rhc  very  simple  air-pump  (fig.  323)  deviswl  by  Leonard  Hill  will  be, 
irever,  amply  sufficient  for  most  purposes.    It  consists  of  three  glass  bulbs 

(B.B.),  which  we  will  call  the  bloini  bulb  ; 
this  is  closed  above  by  a  piece  of  tubing 
and  a  clip,  a  ;  this  is  connected  by  good 
india-rublxir  tubing  to  another  bulb,  d. 
Above  d,  however,  there  is  a  st<")pcock 
with  two  ways  cut  through  it  ;  one  by 
means  of  which  B.B.  and  d  nmy  be  con- 
nected, as  in  the  figure ;  and  another 
seen  in  section,  which  unites  d  to  the 
tube  e^  when  the  stopcock  is  turned 
through  a  right  angle.  In  intermediate 
positions,  the  stopcock  cuts  off  all  com- 
munication from   d  to  all  parts   of  the 


B.B. 


Rg  j2 2  A. ~l.iidwig*ii  Mercurial  Famp. 


Fig.  32j.— L.  Hill'8  air-pump. 


paratns  above  it  ;  rf  is  connected  by  tubing  to  a  receiver,  R,  which  can 
raised  or  lowered  at  will.  At  first  the  whole  apparatus  is  fiUetl  with 
.Tcury,  R  being  raised.  Then,  a  being  closed,  K  is  lowerc<l,  and  when 
is  more  than  the  height  of  the  biiromctor  (30  inches)  below  the  top  of 
B.  the  mercury  falls  and  leaves  the  blo<xl  bull)  empty :  l)y  lowering  R 
U  further,  d  can  also  be  rendered  a  vacuum.  A  few  <lrop.s  of  mercury 
>uld  U*-  left  Ixjhind  in  B.B.  B.B.  is  then  detaeheil  from  the  rest  of 
;  apparatus  and  weighed,  the  clips,  a  and  h,  l^ing  tightly  close*!.  Blmwi 
then  introduced  into  it  by  connecting  the  tulx^  with  the  <-lip  a  on  it 
a  cannula  filled  with  blood  inserted  in  an  artery  or  vein  of  a  living 

BB2 
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Hiiiiiial.  Enough  blood  is  withdrawn  to  fill  about  half  of  one  n( 
l)ulbH.  This  i»  defibrinatod  by  shaking  it  with  the  few  drops  of  meitor 
in  the  bnllw.  It  is  then  weighed  again  ;  the  increase  of  weight  gii« 
amount  of  bloo<l  which  is  being  investigated.  B.B.  is  thni  ww* 
attachwl  to  the  i-est  of  the  ap)>aratU8,  hanging  downwards,  as  in  tb 
dniwing  in  fig.  323.  and  the  bloo<l  gases  boiled  off  ;  these  pan  intoi. 
has  Ixien  made  a  vacuum  ;  and  then,  by  raising  R  again,  the  mcnna 

in  d,  pushing  the  gases  in  frot 
through  the  tube,  e  (the  it* 
being  turned  in  the  proper 
tion),  into  the  eudiometer,  E. 
has  been  filled  with  and  plac 
mercury.  The  gas  can  tl 
measured  and  ai^ysed. 

Oas  analysis.— There  ar 
pieces  of  apparatus  devi^ 
l)ur]>ose.  In  physiology,  h 
we  have  generally  to  deal  w 
three  gases,  oxygen,  nitrog 
car1x>nic  acid. 

Waller's  modification  ol 
more  complete  apparatus 
found  very  useful  in  pei 
gas  analysis,  say,  of  the  ex| 
or  of  the  blood  gases.  A 
mcasuring-tabe  graduated  i 
of  a  cubic  centimetre  bet 
and  100 ;  a  filling  bulb  (A) 
gas  pipettes  are  connected 
the  diagram  (fig.  324). 

It  is  first  charged  with  a* 
water  up  to  the  zero  mark  I 
the  filling  bulb,  tap  i  bei 
It  is  then  filled  with  100  c. 
|)ired  air,  the  filling  bni 
towered  till  the  fluid  in  the 
fallen  to  the  100  mark, 
now  closed.  The  amount 
iMinic  acid  in  the  expired  a 
ascertained  ;  tap  2  is  ope 
the  air  is  expelled  into 
pipette  containing  strong 
iK^tash  solution  by  raising  t 
milb  until  the  fluid  has  rif 
Kcro  mark  of  the  measur 
Tap  2  is  ckwed,  and  the  a 
the  g:is  pipette  for  a  few  minutes,  (hiring  which  the  carbonic  acid  is 
by  the  potash.  Tap  2  ij*  then  opene<l  and  the  air  drawn  back 
measuring  tulx."  by  lowering  tlie  tilling  bulb.  The  volume  i»f  a 
the  carbonic  acid)  is  rend,  the  filling  bulb  being  adjusted  tjo 
contents  are  at  the  same  h'vel  as  the  fluid  in  the  measuring  ti 
amount  of  oxygen  is  next  ascertained  in  a  precisely  similar  m 
sending  the  air  into  the  other  gas  pipette,  which  contains  sticks 
phorus  in  water,  and  niea>uring  the  loss  of  volume  (due  to  abs< 
oxygen)  in  Iho  air  when  drawn  buck  into  the  tube. 


Fiff.  .124. 


Waller's    apparattu     for    gas 
analynR. 
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CHAPTER  XXV. 

THE  CHEMICAL  COMPOSITION  OF  THK  BODY. 

dj  IB  built  tip  of  a  krge  number  of  chemical  element^  f 
i9Te  in  moat  iiiBtiiuces  united  together  into  compouiidss* 

elements    found    iu    the    bjdy    are    carbon,    nitrogeOj 
geo,  OS  J  gen,  aulphur,  phoaplioru^  fluorine,  chlorine,  iodine, 
iieoEir  sodium,  potaiaium,  ailcium,  miigu cesium,  lithium,  iron,  mid 
jcasioiuilly  traces  of  matt  gat  leae^  copper^  and  lead. 
Of  theae  very  few  occtu-  iu  the  free  st-ato,     Oxygeu  (to  a  small; 
ctent)  and  uitrogen  are  found  diB^olvcd  in  the  blood  ;  hydmgei^ 
formed  by  putrefaction  in  the  alimentary  can  ah     With  some  few 
ECPptjons  such  aa  these,  the  elements  enumerated  above  are  found 
imjjiped  with  one  another  to  form  what  are  called  eortijfQmulH. 
ThejiQiiiagouiuiSjTirr^  fliey'are  generally  termed  in  physio* 
^,  thi'  prLt It ift'tfe jTi nrijtUsj  found  in  the  body  are  divided  into — 
(t)  Miuerul  or  iuorgiinit:  conqMDnnds^ 
(i)  Ormiii^  'H^nrnru'i'^'-'   *'^'  corn  pom  ids  of  carbon. 
The  inorganic  eonapoirnds  present  are  water,  various  acids 
||k  aa  hydrochloric  acid  in  the  gastric  juice),  ammonia  (as  In 
Hpine),  and  numerous  salts^  such  as  calcium  phosphate  iti 
ne^  sodium  chloride  in  blood  and  urine,  and  many  otliera. 
Jhe  organic  compounds  are  more  numerous ;  they  may  be 

trided  into— ^ 
Various  groups  of  alcohols  and  organic  aeidsj  and  their  com- 
»uud3,  such  as  the  fats  and  carbohydrateB. 

IVarions  derivatives  of  ammonia,  amides,  amines,  urea,  ifco. 
Aromatic  bcKlies,  or  derivatives  of  benseeue. 
4.  ProteidSjjJiiS_iy^^tJjiiJ^*'t^i^t  ofjill,  and  substances  allied  to 
NHeid«riili^e  the  alhuminoiilsj  pigments,  and  ferments, 
Many  of  these  substances  we  shall  study  with  the  blood,  food, 
fine,  ie, 

A  more  convenient  practical  method  of  grouping  physiologica 
poiiinate  principlea  is  the  following  : — 


Borttjaic 


I; 


SiiU*—t.ff.  chlorklei  (iiid  phtwpbatefl  of  sodium 

,   and  calcium. 
f  Prtifrnh^fj/.  ;tlbamtn,  mycssin,  OAScin. 
J   Albuftttmfhh^'.ff,  guUtin,  iihondjfin,  nnelelti. 
"[  Sifttpi^'r     tiiln^entmjt     hodies — ejf.     kcithin, 
(     crcatitie, 

ji — e.^.  butler,  futs  of  adipose  tissue, 

ipie  ttrffAAw  Miti — e.ij.  chi^les^Ujrin,  bwtic 
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v^/ 


Many  of  the  aubstatices  enumerated  above  only  occur  io  \ 
quantities.     The   most  important  are  the   inoi^nic  Hul)«tAiM)n| 
water  and    «m?T7^n3  't^e   organic    STl^S^TSE^ ^Jtroleim;^  ^i^ 
hyWratek^  and  faU.     uTW  hecessliry lb"  ISUi'  »llU8w|!l5&ntl3j^| 
the  ■prtnciples'^  cliemical  physiology  that  we  should  ftlvavAW] 
in  mind  this  simple  elassification ;  the  aubdiviflJon  oj^    ' 

/princij)lcB    into    proteids^  fats,    and  ^^rESnySmtS    la 
starting-jKiint  of  chemical  physiology. 

G  arbah jdratae. 

The  carbohydrates  are  found  chiefly  in  vegetable  tlMucfl^i 
many  of  them  form  important  foods.  Some  carbob jdintefl  i 
however,  found  in  or  fonned  by  the  animal  oi^aiii&m.  Th&n 
important  of  these  are  fflycogtn^  or  animal  stareb  ;  deartroH;  t 
lactose,  or  milk  sugar. 

The j^rbohyd rates  may  be  conveniently  defined  aa  ctim^iim^l 
of  carbon,  hydrojjeii,  and  oxygen,  the  two  last-named  elem 


being  in  the  proportion  in  which  they  occur  in  water. 

They  may  be  for  tho  greater  part  arranged  into  three 
according  to  their  empirical  formulse.     The  namea  and  foi 
of  these  groups,  and  the  moat  important  members  of  each,  m 
follows  :^ 


OlucoBf^C^ni,*?,. 


-I-  (  rfll^K'tciSt?, 


1.  iJisKvhnxidff.  8iuit«ei, 

l»H.  CC,H„0.}~ 

+  Cane  Ht]>;Hr. 
+  Mallofle, 

\ 
i 

^  Glycogot 
-j-  Doxtrin. 

Uimia. 

The  +  and  —  signs  in  the  alxive  list  indicate  that  the  suhitiNtt, 
to  which  they  are  prefixed  are  tlextro-  and  levo-rotatory  reip- 
tively  as  regurde  polar i wed  light 

The  fnrnnihe  given  above  arc  merely  empirical ;  and  tlsere  ti 
no  doubt  that  the  quantity  n  in  the  starch  group  is  variable «id 
often  large ;  hence  the  name  potiftafcharidti  that  is  given  to 
the  gro^ip.  Research  has,  moreover,  shown  that  the  glnoMi 
are  cithtT  aldehydc^s  or  ketonea  of  hex  atomic  alcohols  C^Hg^OHlf 
Thus  dcxtntse  is  the  aldehyde  of  sorbite,  levulose  the  keton*  of 

•  This  [lefiiiition  is  only  a  rough  one,  and  if  pushed  too  far  would  include 
several  siihstancea  like  aceUc  ac\d,  \«l<:1\^  wild,  wvd  iuosite^  which  ipb  not 
carbohydrates. 


XT.]  CARBOHYDRATES.  375 

aite,  and  galactose  the  aldehyde  of  dulcite.  The  amyloaes  may 
igarded  as  the  anhydrides  of  the  glucoses  [uCeHi^Oe— nHj|0  = 
[1^5) J.  The  sucioses  are  condensed  glucoses — i.e,  they  are 
led  hy  the  oombination  of  two  molecules  of  glucose  with 
loss  of  one  molecule  of  water  (C6H12O6-I-C6H12O6  — H20  = 
[f^ii) ;  hence  the  term  disaccharuk.  The  following  are  the 
I  facts  in  relation  to  each  of  the  principal  carbohydrates  : — 
»eztro8e  or  Qrape  Sugar. — This  carbohydrate  is  found  in 
to,  honey,  and  in  minute  quantities  in  the  blood  and  numerous 
168,  organs,  and  fluids  of  the  body.  It  is  the  form  of  sugar 
td  in  large  quantities  in  the  blood  and  urine  in  the  disease 
«m  »&  diabetes. 

dextrose  is  soluble  in  hot  and  cold  water  and  in  alcohol.  It  is 
italline,  but  not  so  sweet  as  aine  sugar.  When  heated  with 
Dg  potash  certain  complex  acids  are  formed  which  have  a 
ow  or  brown  colour.  This  constitutes  Moor ^9  test  for  sugar. 
alkaline  solutions  dextrose  reduces  salts  of  silver,  bismuth, 
cury,  and  copper.  The  reduction  of  cupric  to  cuprous  salts 
ititutes  Trommer's  test,  which  is  performed  as  follows :  put  a 
drops  of  copper  sulphate  into  a  test-tube,  then  solution  of 
litwe,  and  then  strong  caustic  potash.  On  adding  the  potash  a 
npitate  is  first  formed  which  dissolves  forming  a  blue  solution, 
boiling  this  a  yellow  or  red  precipitate  (cuprous  hydrate  or 
le)  forms. 

ta  boiling  a  solution  of  dextrose  with  an  alkaline  solution  of 
ic  acid,  a  dark  red  opaque  solution  due  to  reduction  to 
amic  acid  is  produced.  Another  important  property  of  grape 
ir  is  that  under  the  influence  of  yeast  it  is  converted  into 
hoi  and  carbonic  acid  (CgHigOgr::  2C2H6O-I-2CO2). 
)extrose  may  be  estimated  by  the  fermentation  test,  by  the 
irimeter,  and  by  the  use  of  Fehling's  solution.  The  last  method 
le  most  important :  it  rests  on  the  same  principles  as  Trommer's 
,  and  we  shall  study  it  in  connection  with  diabetic  urine. 
jevnlose. — When  cane  sugar  is  treated  with  dilute  mineral 
Is  it  undergoes  a  process  known  as  inversion — i.e.,  it  takes  up 
er  and  is  converted  into  equal  parts  of  dextrose  and  levulose. 
)  previously  dextro-rotatory  solution  of  cane  sugar  then 
omes  levo-rotatory,  the  levo-rotiitory  power  of  the  levulose 
ig  greater  than  the  dextro-rotatory  power  of  the  dextrose 
ned.  Hence  the  term  inversion.  Similar  hydrolytic  changes 
produced  by  certain  ferments,  such  as  the  invert  ferment  of 
t  intestinal  juice. 

Pure  levulose  can  be  crystallised,  but  so  great  is  the  difficulty 
ohtaiDJDg  ayratala  of  it  that  one  of  its  names  was  vnmystatliz' 
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ctble  sugar.  Small  quantities  of  lerolose  have  been  foimd  in 
blood,  urine,  nnd  muscle.  It  has  been  recommeiided  m  an  utieli 
of  diet  in  diabetes)  in  place  of  ordinary  sugar ;  in  thia  ditaae  it 
does  not  appear  to  have  the  harmiul  effect  that  other  ntgut 
produce.     Lev u lose  gives  the  same  general  reactioQa  aa  deitro«. 

Gkdacto&e  is  formed  hj  the  action  of  dilute  mioei^  aiadi 
or  inverting  ferments  on  lactose.  It  resembles  dextrose  in  itt 
action  on  polarised  light,  in  reducing  cupric  salts  in  Tfommtt^i 
test,  and  in  being  directly  fermentable  with  yeasL  Whoi 
oxidised  by  menus  of  nitric  acid  it  yields  an  acid  called  mvde 
acid  (C(jHit|(.)|i),  which  is  only  slightly  soluble  in  water.  Deitro« 
when  treated  in  this  way  yields  an  isomeric  acid — f.f.,  an  idd 
with  the  same  crnpiricu]  formula,  called  Bdceharic  ctcid^  which  a 
very  soluble  in  wiiter. 

[Inosite,  or  muscle  sugar,  ia  found  in  muscle,  kidney,  liver,  md 
other  parts  of  tKe  body  in  small  quantities.  It  is  also  lai^ 
found  in  the  vegetable  kingdom.  It  is  crystal lisable,  -and  im 
the  same  fonmiln,  as  the  glucoses.  It  is,  however,  not  a  sug«^ 
and  careful  anulysis  has  shown  that  it  really  belongs  to  chi 
aromatic  series.] 

Cane  Sugar  is  generally  distributed  in  the  vegetable  kingdoB, 
but  especially  in  the  juices  of  the  sugar  cane,  beetroot,  mallor, 
and  sugar  maple.  It  is  a  substance  of  great  importance  i 
food.  It  undergoes  inversion  in  the  nlimontary  canaL  It  ia 
crystalline,  and  dextro-rotatory.  With  Trammer's  test  it  giTM 
a  blue  solution,  but  no  retiuction  occurs  in  boiHng.  After  inT»- 
sion  it  is,  of  eourse,  strongly  reducing. 

Inversion  may  be  accomplished  by  boiling  with  dilute  nuoeii] 
acids,  or  by  means  of  inverting  ferments  such  as  that  oucnrriag 
in  the  intetitinal  juice.  It  then  takes  up  water,  and  is  split  into 
equal  parts  of  doxtroae  and  levulose. 

,J:,,h,,o„  +  K,0  =  n,H  n   +  c„H  O 

[Cftoe  iugmr]  [Bejitrtjw?]       [Levulw] 

With  yeast,  c^ne  sugar  is  first  inverted  by  means  of  a  ipcciil 
soluble  ferment  secreted  by  tbc  yeast  ccHe,  and  then  there  is  an 
alcoholic  fernientation  of  tlie  ghicoaes  so  formed, 

LactoBQ,  or  Milk  Sugar,  occurs  in  milk,  it  is  oocasion&llj 
found  in  the  urine  of  women  in  the  early  days  of  lactatioiiT  or 
after  weaning.  It  is  LryMtiiHisAble,  dextro-rotatory,  much  len 
soluble  in  water  than  other  sugars,  and  has  only  a  slightly  sweet 
taste.  It  gives  Trommer's  test,  but  when  the  reducing  power 
is  tested  quantitatively  by  Fehling's  solution  it  is  found  to  be 
a  less  powerful  reducing  agent  than  dextrose,  in  the  proportion  of 
7  to  10, 
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Wfaen  hjdrolysed  hj  similar  agencies  as  those  mentioned  hi 
noetlcM:!  with  cane  eugar  it  takes  up  water  aad  spliti  into 
tfooe  and  galactose* 


This, 


Wltli  jeuit  it  is  Brut  lUTerted^  and  tben  alcohol  m  formed. 
however,  oecura  slowly. 

The  Ittctlc  acid  fermentation  which  occurs  when  milk  turns  sour 
brought  a!x>ut  by  lactic  acid  micro-organisma,  which  are  souie* 

%t  similar  to  yeast  cells.  Putrefactive  Imcteria  in  the  intestine 
ing  about  the  same  r^ult.     The  two  stages  of  the  lactic  acid 

[lentation  are  represented  in  the  following  equations  : — 


dO 


£r^^*"=it^^i) 


I 


i2,y  4CA0,  =  2Cji,o,  +  ♦CO.  +  4^.. 

Maltose  in  the  chief  end  product  of  the  action  of  malt  diaiteae 

atarchf  and  is  also  formed  as  an  inleruiecLiate  product  in  the 

ition  of  dilute  sulphuric  acid  on  the  same  substance.     It  h 

le  chief  sugar  formed   from  starch   by  the  diastatic  ferments 

Ltained  in  the  saliva  and  pancreatic  juice.     (An  isomeric  sugar 

Uo-maltoMe  is  also  formed  under  the  same  circurastauces, ) 

■t  can  be  obtained  in  the  form  of  acicular  crystals,  and  is  strnugly 

ieitro-rolatory.    It  gives  Titfuimer's  test ;  but  its  reduciug  power, 

meiuiured  by  Feb  ling's  solution,  ia  one-third  less  than  thiit  of 

eaitrose. 

By  prolonged  boiling  with  water,  or,  more  readily,  by  boiling 
*ith  a  dilute  mineral  acid,  or  by  means  of  an  inverting  fer- 
taent,  i^uch  as  occurs  in  the  intestinal  juice,  it  is  converted  tuto 
dertrase. 


It  undergoes  readily  the  alcoholic  fermentation. 

Phenyl  hydrazine  test.  —  The  three  important  reducing 
sugars  with  which  we  have  to  deal  in  physiology  are  dextrose, 
lactose,  and  maitoee.  They  may  bo  distinguished  by  their  rela- 
tive reducing  powers  on  Fehling's  solution,  or  by  the  characters 
of  their  osa^sones.  The  osazone  ia  formeii  in  each  case»  by  adding 
phenyl  hydmzine  hydrochloride,  and  sodium  acetate,  and  hoilhig 

I  the  miatture  for  half  an  hour.  In  each  case  the  osaKone  is  de- 
posited in  the  form  of  bright  canary-ooloured,  needle-like  crystals, 
usually  in  bunches,  which  differ  in  their  crystalline  form,  melUitg- 
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Starch  is  widely  diffused  through  the  vegetable  kingdooL    It 
occurs  in  imturo  in  the  form  of  microsoopio  grains,  vaiying  iu 

sizg  and  appearance,  according  toljieir 

e^^^  source,      Kach    consiita    of   a  cetjtwl 

>^P5JS  ^P*^*''   '^^"^^   which   more   or  lose  tsfn^^ 

^^&^  {@5k      centric  envelopes  of  starch  proper  or 
^^^fe^^      graunltvHc     dtem&to    with    layers  tA 
^ii:^:^]JW^        cellulose.      Celloloee    has    very   little 
digestive  value,  hut  starch  is  a  mo&t 
important  food. 
^»- 325-tJttiinp. Df  [jfrtitto  Starcli  is  in»olnhle  in  cold  water;  it 

formn  an  opaleucent  solution  in  boiling 
water,  which  if  concentrated  gelatinises  on  cooling.  Its  most 
characteristic  reaction  is  the  blue  colour  it  gives  with  iodine. 

On  heating  starch  with  mineral  acids,  dextrose  is  formed.  By 
the  action  of  diastatic  ferments,  maltose  is  the  chief  end  product. 
In  both  cases  dextrin  is  an  intermediate  stage  in  the  process. 

Before  the  formation  of  dextrin  the  starch  solution  loses  its 
opalescence,  a  substance  called  solvJife  starch  being  formed.  This, 
like  native  starch,  gives  a  blue  colour  with  iodine.  Although  the 
molecular  weight  of  starch  is  unknown,  the  formula  for  soluble 
starch  is  probably  s(^i2^^)^ho)^  Equations  that  represent  the 
formation  of  sugars  and  dextrins  from  this  are  very  complex,  and 
are  at  present  only  hypothetical. 

Dextrin  is  the  name  given  to  the  intermediate  products  in 
the  hydration  of  starch  or  glycogen,  and  two  chief  varieties  are 
distinguished  :  —eyythro-riejrtrin,  which  gives  a  reddish-brown  colour 
with  iodine ;  and  achroo-ilextrin,  which  does  not. 

It  is  readily  soluble  in  water,  but  insoluble  in  alcohol  and 
ether.  It  is  gummy  and  amorphous.  It  does  not  give  Trom- 
mer's  test,  nor  does  it  ferment  with  yeast.  It  is  dextro-rotatory. 
By  hydrating  agencies  it  is  converted  into  glucose. 

Glycogen,  or  animal  starch,  is  found  in  liver,  muscle,  and 
white  blood-corpuscles.  It  is  also  abundant  in  all  embryonic 
tissues, 

(ilyoogen  is  a  white  tasteless  powder,  soluble  in  water,  but  it 
forms,  like  starch,  an  opalescent  solution.  It  is  insoluble  in 
alcohol  and  ether.  It  is  dextro-rotatory.  With  Trommer's  test 
it  gives  a  blue  solution,  but  no  reduction  occurs  on  boiling. 

With  iodine  it  gives  a  reddish  or  port-wine  colour,  very  similar 
to  that  given  by  erythro-dextrin.  Dextrin  may  be  distinguished 
from  glycogen  by  (i)  the  fact  that  it  gives  a  clear,  not  an  opales- 
cent, solution  with  water;  and  (2)  it  is  not  precipitated  by  basic 
]cmi  acetate  as  glycogen  is,     \\  *\&,  Vio^cwix,  Y^^'^vVA.Xi^  V^^  Vswba 


CH.XXV.]  THE   PATS.  379 

lead  acetate  and  ammonia.  (3)  Glycogen  is  precipitated  by  55 
per  cent,  of  alcohd ;  the  dextrins  require  85  per  cent,  or  more. 

CMlnlose. — This  is  the  colourless  material  of  which  the  cell- 
wails  and  woody  fibres  of  plants  are  composed.  By  treatment 
with  strong  mineral  acids  it  is,  like  starch,  converted  into  glu- 
cose, but  with  much  greater  difficulty.  The  various  digestive 
ferments  have  little  or  no  action  on  cellulose  ;  hence  the  necessity 
of  boiling  starch  before  it  is  taken  as  food.  Boiling  bursts  the 
cellulose  envelopes  of  the  starch  grains,  and  so  allows  the  digestive 
juices  to  get  at  the  starch  proper. 

Cellulose  is  found  in  a  few  animals,  as  in  the  test  or  outer 
investment  of  the  Tunicates. 

The  Fats. 

Fat  is  found  in  small  quantities  in  many  animal  tissues.  It 
is,  however,  found  in  large  quantities  in  three  situations,  viz., 
marrow,  adipose  tissue,  and  milk. 

The  contents  of  the  fat  cells  of  adipose  tissue  are  fluid  during 
life,  the  normal  temperature  of  the  body  (36°  C,  or  99°  F.)  being 
considerably  above  the  melting-point  (25°  C.)  of  the  mixture  of 
the  fats  found  there.  These  fats  are  three  in  number,  and  are 
called  palmitin^  stearin^  and  olein.  They  differ  from  one  another 
in  chemical  composition  and  in  certain  physical  characters,  such 
as  melting-point  and  solubilities.  Olein  melts  at  -5°  C,  palmitin 
at  45°  C,  and  stearin  at  53-66°  C.  It  is  thus  olein  which  holds 
the  other  two  dissolved  at  the  body  temperature.  Fats  are  all 
soluble  in  hot  alcohol,  ether,  and  chloroform,  but  insoluble  in  water. 

Chemical  Constitution  of  the  Fats. — The  fats  are  com- 
pounds of  fatty  acids  with  glycerin,  and  may  be  termed  gly- 
cerides  or  glyceric  ethers.  The  term  hydrocarbon^  applied  to  them 
by  some  authors,  is  wholly  incorrect. 

The  fatty  acids  form  a  series  of  acids  derived  from  the 
monatomic  alcohols  by  oxidation.  Thus,  to  take  ordinary  ethyl 
alcohol,  C2H5O,  the  first  stage  in  oxidation  is  the  removal  of  two 
atoms  of  hydrogen  to  form  aldehyde,  C2H4O;  on  further  oxidation 
an  atom  of  oxygen  is  added  to  form  acetic  acid,  CaH402. 

A  similar  acid  can  be  obtained  from  all  the  other  alcohols, 

thus : — 

From  methyl  alcohol      CH,.HO,  formic    acid        H.COOH  is  obtAiiiwl. 
„     ethyl  „  CjHj.HO,  acetic        „      CH^.COOH 

„     propyl       „  C,H,.HO,  propionic  „     CaHj.COOH  „ 

„     butyl         „  aH^.HO,  butyric      „     C,H,.COOH 

„     amyl  „  C,H,^.HO,  valeric       „     C Jl^.COOH  „ 

„     hexyl        „  0«Hi,.HO,  caproic      „    C,Hjj.COOH  „ 
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Or  in  general  terms  : — 

From  the  alcohol  with  formula  C„Han+i.HO,  the  acid  with 
formula  C„_iH2n_i.C00H  is  obtained.  The  sixteenth  term  oC 
this  series  has  the  formula  CisHgi.C^OOH,  and  is  called  palmitio 
acid ;  the  eighteenth  has  the  formula  CnHas-COOH,  and  is  called 
stearic  aoid.  Each  acid,  as  will  be  seen,  consists  of  a  radicle, 
Cn_iHa„_iCO,  united  to  hydroxyl  (OH).  Oleic  aoid,  however, 
is  not  a  member  of  this  series,  but  belongs  to  a  somewhat  similar 
series  known  as  the  acri/lic  seriesy  of  which  the  general  formula  is 
C„_iH2„_3.COOH.  It  is  the  eighteenth  term  of  the  series,  and 
its  formula  is  Ci7H83.C'OOH. 

GUycerin  or  Glycerol  is  a  triatomic  alcohol,  C8H6(HO)j — i.e^ 
three  atoms  of  hydroxyl  united  to  a  radicle  glyceryl  (C3H5).  The 
hydrogen  in  the  hydroxyl  atoms  is  replaceable  by  other  organic 
radicles.  As  an  example,  take  the  radicle  of  acetic  acid  called 
acetyl  (CHs-CO).  The  following  formulae  represent  the  deriya- 
tives  that  can  be  obtained  by  replacing  one,  two,  or  all  three 
hydroxyl  hydrogen  atoms  in  this  way  : — 


roH     roH        roH        fo.cH,.co 
3HJ  OH   c.hJ  OH       c.hJ  0.CH,.(  o   c,hJ  o.ch,.co 
t  OH        I  O.CH,.CO       I  O.CH  CO        \  O.CH^CO 


[Glycerin]  pfonoacetin]  [£>iaoetiiiJ  (TriAoetmj 

Triacetin  is  a  type  of  a  neutral  fat ;  stearin,  palmitin,  and  olein 
ought  more  properly  to  be  called  tristearin,  trip<Ufnitin,  and  tri' 
oUin  respectively.  Each  consists  of  glycerin  in  which  the  three 
atoms  of  hydrogen  in  the  hydroxyls  are  replaced  by  radicles  of 
the  fatty  acid.     This  is  represented  in  the  following  formulsd : — 

Arid.  JRadirU\  Fat. 

Palmitic  aciclCjjHjj.rOOH  Palmityl  Cj^Hji.CO  Palmitin  C,H,(OC„H',j.C0), 
Stearic  acid  C„H„.COOH  Stearvl  C.^Hj^.CO  Stearin  C,H5(0G„H,,.C0), 
Oleic  acid       C\,H„.C00H  Oleyf       C„H„.CO  Olein        C,H,(OC^,H„.CO)J 

Decomposition  Products  of  the  Fats. — The  fats  split  up 
into  the  substances  out  of  which  they  are  built  up. 

Under  the  influence  of  superheated  steam,  mineral  acids,  and 
in  the  body  by  means  of  certain  ferments  (for  instance,  the  fat- 
splitting  ferment,  stcapsin,  of  the  pancreatic  juice),  a  fat  combines 
with  water  and  splits  into  glycerin  and  the  fatty  acid.  The 
following  equation  represents  what  occurs  in  a  fat,  taking 
tripalmitin  as  an  example  : — 

C  Hs(0.(\.H3,ro\  +  3H,0  =  C,H,(OH),  +  3C,,H„C0.0H 
[TriiNilmitin-  a  fat]  [Olycerin]       [Palmitic  acid—* fattj  add] 

In   the   process  of   saponiflcation    much    the  same  sort  of 
reaction  occurs,   the  ftual  prod\\c\A  \>e\\i^  ^^^:«rai  ^jqAl.  ^ 


w 
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poiiiKi  of  the  liftse  with  the  fatty  acid   which  is  called  a  ioap. 
uppoise,  for  iri&tauc€j  thnt  potassium  hydnite  ia  iised ;  we  get — 


LTnimljiiitiij  -^  tmt] 


I  Smulsiflcatioti,— Another  change  that  fatB  undergo  in  the 

I       body  IS  ^ery  different  from  sapoiiificatiou.    It  is  li  pbytsical  mther 

than  a  chemical  change  j  the  fat  is  broken  up  iuto  very  auxaJl 

Iglobidee,  such  m  are  seen  in  the  ua.turiil  emttlsion — milk. 
IjQcltliiB  (Ci^H^iNPOg). — This  la  a  very  complex  fat,  which 
yields  on  decomposition  not  only  glycerin  and  a  fatty  (stennc) 
ttcid,  but  phoBphorio  acid,  and  an  alkaloid  [N.(CHg)3|C^Hg03] 
called  tholim  in  addition.  This  subytance  is  found  to  a  great 
'extent  in  the  uervotw  system  (see  p.  171),  ami  to  a  tjmall  ex^tent 
in  bile,  Tt^ether  w  ith  cholesterln,  a  cryjiUdlisiiblej  monatomia 
aleoho)  (Cj^Hift^UU)^  which  we  iihall  consider  more  lit  length  in 
ooixnection  with  the  bile,  it  m  found  in  small  quantities  in  thy 
protoplaam  of  all  cells. 


The  Proteids. 
The  proteids  are  the  mosst  important  sut»stancea  that  occur  in 
u niaJ  0 1  i '  1  \  i  y  r ! .  1 1 . 1 1    ^  I  4 ani &rns  ;  none  of  the  pheii om ena  Qf  Tile  j  .^ * 
qur^tWuL  tjitir  pi  t.-ftyce  }  and  tHougli  it  m  impoaaibk*  Uj  state '  ^^^ 
I  poidtively  that  they  occur  as  such  in  living  protoplasm,  they  are  t^^ 
1  m^ariably  obtained  by  aubjcctbg  living  structures  to  analytical     '- 

prCkCGSS^.  

Protejda  are  highly  complex:  compounds  of  carbon,  hydrogggi 
oxygen,  nitrogen,  and  Bulpbur  occurring  in  a  solki  viscoua  ooa- 
aition  or  in  BoliitTon  lu  nearly  all  the  liquida  and  solids  of  the 
body.  The  different  memliers  of  the  group  present  diSerences 
in  chemical  and  phyKical  prnperties.  They  all  possess^  however^ 
certain  common  eliemicai  rmetions,  and  are  united  by  a  close 
genetic  relation|hip. 

The  variou§  proteids  differ  a  good  deal  in  elementary  compc«i* 
Uon.     Hoppe-Seyler  gives  the  following  percentages  : — 
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Wg  are,  however,  not  acquainted  with  Uie  constitutional  ffinpulft' 
of  proteid  substances ■  "Tlicre  have  been  many  theories  on  the 
subject)  Init  practically  all  that  h  known  with  certainty  is  that 
many  different  substances  may  be  obtamed  by  the  decomposi- 
tion of  proteids.  How  they  are  built  up  into  the  protei^J^  TO>iii- 
cule  is  uoknown      Tiie  decompositions  that  occiir  in  the  body 
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are,  moreover,  dilfijrotit  horn  those  wblch  can  be  made  to  occnai 
in  the  labonitorj ;  heucc  the  couclusiou  that  liviug  protoplaanL 
differs  somewhat  from  tlie  iion-livLng  protcid  uiaterial  ob thimble 
from  it. 

(i)  In  thci  b(xiy.  Carlw>iric  acid,  water,  and  urea  are  the  diief 
final  productfci,  Glyccwine,  leucitie,  <a^atitJJJTn^ir^i3r^^^^i 
Ac. ,  are  probab  \y  in  term  ed  i  ate  procTucts.  CarbohydratiaS'fgly^igeflj 
and  fats  may  also  originate  from  pmteids. 

(2)  Outside  the  l>ody.  Various  strong  reagents  break  up  pro. 
toids  into  ammonia,  carbonic  acid,  amines,  fatty  adds,  amido-acida 
like  leueine  and  arginine,  and  aromatic  compounds  Hke  tyrosine. 

Solubilitiea* — All  proteidti  are  ine^lnble  in  aloobol  and  ctbtir. 
Some  are  solnl>le  in  water,  otbera  insoluble.  Many  of  the  latter 
arc  soluble  in  weak  saline  solutions.  Some  are  insoluble,  othen 
soluble  in  concentrated  sfiline  aohitions.  It  is  on  these  Tiaiyiog 
solubilities  that  pn^teids  are  claswificd. 

All  proteid8  are  i^ojublc  with  the  aid  of  heat  in  concentrated 
mineral  acids  and  alkalies.  Much  treatment,  however,  decompoiei 
.  as  well  as  dissolvea  the  prutoid,  Protcids  are  also  soluble  in  g;a«tne 
and  pancreatic  juices ;  but  here,  agaTn,Hioy  imdergSTTrhEige, 
being'  converted  into  a  hydrated  variety  of  protcid,  of  amaller 
molecular  weight,  called  peptone.  The  intermediate  substaiicei 
fonned  in  this  process  arc  called  proteose*  or  ai/jumoses.  ComniBN 
cial  peptone  contains  a  mixture  of  proteoses  and  true  peptone. 

Heat  Coagulation. — Moat  native  proteids,  like  white  of  egg, 
are  rendered  insoluble  wlien   their   aolutions    are    heated.     The 
temperature  of  heat  coagulation  differs  in  different  proteids ;  thuo. 
myosinogen  and  fibrinogen  coagulate  at  56^  C,  scrum  albumin andL 
serum  globulin  at  about  75°  C. 

The  proteids  which  are  coagulated  by  lieat  come  under  twc:^ 
classes  :  the  albumim  and  the  glohidins.  These  differ  in  solubility  ^ 
the  albumins  are  soluble  in  distilled  water,  the  globulins  requir^^ 
salts  to  hold  them  in  solution.  . 

IndiffUsibility. — The  proteids  (peptones  excepted)  belong  t«ZD 
the  class  of  substances  called  coUouis  by  Thomas  Graham ;  thfW^ 
is,  they  pass  with  dithculty,  or  not  at  all,  through  animal  meu^- 
branes.  In  the  construction  of  dialysers,  vegetable  parclimeut  ■-« 
largely  used. 

Proteids    may  thus  be  sepjimted  from  diffusible  {crffitaUoiu^) 
substances  like  salts,  but  the  process  is  a  tedious  one.     If  boitb.^ 
serum  or  white  of  e^rg  is  placed  in  a  dialyser  and  distilled  wat^r 
outside,  the  greater  amount  of  the  salts  passes  into  the  waW^j 
through  the  membrane  anil  is  replaced  by  water  ;  the  two  protelc3« 
albumin  and  globulin   remain  inside ;    the  globulin  isy  however, 


CH.  3BLXV.]  THE    PROTEIDS.  3^3 

preoipitated,  as  the  salts  which  previously  kept  it  in  solution  are 
removed. 

Tli<3  tcrma  diffusion  and  dinlytiis  should  Im' di>tin;ruisiied  fnuu  caoh  other. 

If  '^-atLT  18 carefully  iK>urcd  on  the  surf.icr  (»t'  a  Mtlution  of  nny  Milistnnre. 
ihiti  xuMance  foadually  spreads  through  tiie  \viiter.  and  the  cuinixMJtion 
*^f  tlit^  mixture  beoonies  unif<»nn  in  time.  'Vhr  time  t>ccui»ie<r  i^  short  for 
suV»»t fences  like  sodium  chloride,  and  ion-:  for  sulisianees  like  alhuniin. 
Tho  i»hdiomenou  in  oUled  tlijflmsion.  If  the  solutions  are  He|tamte<l  hy  a 
nJonil>ranc  the  term  dialijuh  is  employetl.  The  term  M/nojf'ut  [>  employed 
^'lieri    744>nii-]H'rnicablc  mcmhnines  are  use«l  (see  ]i.  rr27). 

G^pystallisation. — H8eniog:lohin,  the  rc<l  pigment  of  the  blood, 

>»  a,   ^Hiteid  substance  and  is  crysUillisJible  (for  further  details,  see 

^^o       Blood,  Chapter    XXVI.).      Like    otlier   proteids    it    has  an 

euoftij^ously  large  molecule ;  though  cryMtallinc,  it  is  not^  however, 

^O'^talloid  in  Graham's  sense  of  that  term.      Tilood  pigment  is 

*^ot    t:he  only  cry  stall  isahle  proteiil.     Ix)ng  ago  crystiils  of  proteid 

'^*o\j^liii  or  vitellin)  were  observed  in  the  aleurone  gniins of  many 

^■^^^la,  and  in  the  similar  proteid  (x;curring  in  the  egg-yolk  of  some 

"Stioauiid  amphibians.      By  iipi)ropriate  me tluKls  these  have  been 

**^l>5Xr:ated  and  re-crystallised.    Furtlier,  ogg-jilbumin  itself  has  l>een 

'^y^tAllised.     If  a  solution  of  white  of  egg  is  diluted  with  half  its 

^*^^rne  of  saturated  solution  of  ammonium  sulphate,  the  globulin 

f**'^Siint  is  precipitate<l  and  is  removed  by  filtration.     The  tiltnite 

^  *^Ow  allowed  to  remain  si)me  days  at  the  temperature  of  the  air, 

*ici     jyj  ijj  l>ecomes  more  concentrated  fnmi  cvaponition,  minute 

*~*'^^roidal  globules  and  finally  minute  noiHlles,  either  aggivguteil  or 

^* Pirate,  make  their  api>eanince  (Uofmoister).     Crystallisation  is 

T^^^h   more  rapid   and   perfect  if  a   little   acetic  acid   is    added 

\  ^-^^pkins).     Serum  albinnin  has  also  been  similarlv  crvstallised 

^'-•Urber). 

^  -Action  on  Polarised  liight. — All  proteids  are  levo-r^tatory, 

^   amount  of  rotation  varying  with  individujil  proteids. 

Colour  Reactions.* — The  principal  colour  reactions  by  which 

^  ^'^-^tt'ids  are  recognised  are  the  following  : — 

(  x)    The    xantho-j/rottie  rmvtion  :    if    a    few    drops    of    nitric 

^^<1   are  added  to  a  solution  of    a    proteid    like  white  of    egg, 

■J.    ^    result   is   a  white    precipiUite  ;    tliis    and    the    hun*ounding 

"^^Iviid    become   yellow    on    lK)iiing    and    are    turned    orange    by 

^^ixionia.     The  preliminary  white  precipitate  is    not    given    l)y 

^^e  proteids  like  peptones:    but   the   colours  are  alwavs  the 

(2)  Jfillans  reaction.     Millon's  reairi-iit  i>  a  inixiurc  «»r  mereuric 


The   first  two  c(»lour    leactioiih  «i«-sci  ii^e«l  «ii.'ji"iMl  mi   iljc  {.le-^ui'-e  in 
^*^<»tei<hjof  aromatic  nulicle>. 
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and  mcrciirous  nitrate  with  excess  of  nitric  acid.  This  gives  a 
white  precipitate  with  proteids  which  is  turned  hrick-red  on 
boiling. 

(3)  Copper  sulphate,  or  PiotrowshCs  UsU  A  trace  of  copper 
sulphate  and  excess  of  strong  caustic  potash  give  with  most 
proteids  a  violet  solution.  Proteoses  and  peptones,  however,  gire 
n  rose-red  colour  instead ;  this  same  colour  is  given  bv  the 
substance  allied  biuret  ;*  hence  the  test  is  generally  called  the 
J/iuret  react i(m. 

Precipitants  of  Proteids. — Solutions  of  most  proteids  ai^ 
precipitated  by  : — 

1.  Strong  acids  like  nitric  acid. 

2.  Picric  acid. 

3.  Acetic  acid  and  potassium  ferrocyanide. 

4.  Acetic  acid  and  excess  of  a  neutral  salt  like  sodium  sulphate; 
when  those  are  boiled  with  the  proteid  solution. 

5.  Salts  of  the  heavy  metals  like  copper  sulphate,  mercuric 
chloride,  lead  acetate,  silver  nitrate,  ttc. 

6.  Tannin. 

7.  Alcohol. 

8.  Saturation  with  certain  neutral  salts  such  as  ammoniuin 
sulphate. 

It  is  necessar}'  that  the  words  coag^dation  and  precipUaiim 
should  in  connection  with  proteids  be  carefully  distinguishei 
The  term  cotvjulation  is  used  when  an  insoluble  proteid  (coagulated 
pn»teid)  is  formed  from  a  sohible  one.     This  may  occur : 

1 .  When  a  proteid  is  heated — heat  coarfulation  ; 

2.  Tudor  the  influence  of  a  fennent ;  for  instance,  when  a  cmd 
is  formed  in  milk  by  rennet  or  a  olot  in  .shed  blood  by  the  fibrin 
f o  n nei  it  — t'ermen  t  axvnda  t iun  : 

3.  Wlien  an  insoluble  precipitate  is  produced  by  the  additioD 
of  certain  reagents  (nitric  acid,  picric  acid,  tannin,  «tc.). 

There  are,  hcnvovt^r,  other  precipitants  of  proteids  in  which  the 
prinripitate  formeti  is  readily  soluble  in  suitable  reagents  like 
saline  solutions,  and  the  [tniteid  continues  to  show  its  typical 
reaictions.  Such  precipitatir>n  is  not  coagulation.  Such  a  preci- 
pitate is  produce*!  by  siit  unit  ion  with  ammonium  sulphate. 
Certain  proteids,  called  ah >f 'id in*,  are  more  readily  precipitated 
by  such  means  than  others.     Thus,  serum  globulin  is  precipitated 


•  Biuret  is  formed  by  hoatiiie  solid  urea  :  ammonia  passes  off  and  leaves 
iHuret,  ihu>  :— 
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lialf-saturation  with  ammonium  sulphate.  Full  saturation 
^  ammonium  sulphate  precipitates  all  proteids  but  peptone. 
le  globulins  are  precipitated  by  certain  salts,  like  sodium 
loride  and  magnesium  sulphate,  which  do  not  precipitate  the 
)umins. 

The  precipitation  produced  by  alcohol  is  peculiar  in  that  after 
time  it  becomes  a  coagulation.  Proteid  freshly  precipitated  by 
oohol  is  readily  soluble  in  water  or  saline  media ;  but  after  it 
(8  been  allowed  to  stand  some  weeks  under  alcohol  it  becomes 
yre  and  more  insoluble.  Albumins  and  globulins  are  most 
ftdily  rendered  insoluble  by  this  method  ;  proteoses  and 
ptones  are  never  rendered  insoluble  by  the  action  of 
oohol.  This  fact  is  of  value  in  the  separation  of  these  proteids 
>m  others. 

Classification  of  Proteids. 

Both  animal  and  vegetable  proteids  can  be  divided  into  the 
[lowing  classes.  We  shall,  however,  be  chiefly  concerned  with 
e  animal  proteids  : — 

Class  I.  Albumins. — These  are  soluble  in  water,  in  dilute 
line  solutions,  and  in  saturated  solutions  of  sodium  chloride  and 
ignesium  sulphate.  They  are,  however,  precipitated  by  satu- 
ting  their  solutions  with  ammonium  sulphate.  Their  solutions 
5  coagulated  by  heat,  usually  at  70  73°  C.  Serum  albumin, 
^  albumin,  and  lact-albumin  are  instances. 
Class  II.  G-lobnlins. — These  are  insoluble  in  water,  soluble 
dilute  saline  solutions,  and  insoluble  in  concentrated  solutions 
neutral  salts  like  sodium  chloride,  magnesium  sulphate,  and 
imonium  sulphate.  A  globulin  dissolved  in  a  dilute  saline 
ution  may  therefore  be  precipitated — 

1.  By  removing  the  salt — by  dialysis  (see  p.  382). 

2.  By  increasing  the  amount  of  salt.     The  best  salts  to  employ 
ammonium  sulphate  (half-saturation)  or  magnesium  sulphate 

mplete  saturation). 

The  globulins  are  coagulated  by  heat ;  the  temperature  of  heat 

gulation  varies  considerably.     The  following  are  instances : — 

a)  Fibrinogen  )   .    , ,     ,    , 

b)  Serum  globulin  (paraglobulin)  j  ~^ 

c)  Myosinogen  in  muscle. 

d)  Crystallin  in  the  crystalline  lens. 

[f  we  compare  together  these  two  classes  of  proteids,  the  most 
wrtant  of  the  native  proteids,  we  find  that  they  all  give  the 
16  general  tests,  that  all  are  coagulated  by  heat,  but  that  they 
r,  CO 
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differ  in  their  eoLubilitie^.     This  diff^retice  in  solubility  mty  ^ 
stated  in  tabular  form  au  followe  :— 


Hmffent* 


Water 

Dilute  saline  Hftlutian    .        ,        .        » 

Saturated  eokitiou  of  magwesium  sul- 
phate or  sodium  cliloriile  . 

Half-satumt€Hl  Holution  of  ammoniLim 
sulphate    -.,,., 

Saturated  s*nluti<>Ti  of  ammODia.ni  sul- 
phate        ..,,*, 


jAJbnmiil. 


aloMii. 


tnluble  \       iniolable 

salable  I       Bolubk 

soluble  inioluble 

BOlable  fTiioIubk 

insoluble  fnaoluUe 


u 


Class  IIL  Albirminatea  are  compounds  of  proteid  with 
mineral  substances.  Thus,  if  a  solution  of  copper  sulphate  is 
added  to  a  solution  of  albumin  a  precipitate  of  copper  albumiimte 
is  obtained!.  Similarly,  by  the  addition  of  other  salts  of  tJu 
heavy  metals  other  metallic  albuminates  are  obtainable* 

The  albuiuiimtes  which  are  obtained  by  the  action  of  dilute 
acids  and  alkalia  on  either  albumins  or  globulins  are,  however,  of 
greater  physio  I  oj^Hcal  interest,  und  it  is  to  these  we  shall  confine 
our  attentioti.  The  general  pro]>erties  of  the  acid-aibumin  or 
$yntoni7iy  and  the  aU-ali-id&Hmm,  which  are  thereby  respecd?e]|^ 
formed,  are  aa  f (allows :  they  are  insoluble  in  pure  water,  but 
are  soluble  in  either  acid  or  alkali,  and  are  precipitated  bj 
neutralisation  unless  certain  salts  like  sodium  phosi)hate  ire 
present.  Like  globulins,  they  are  precipitated  by  saturation  willi 
such  neutral  salts  n»  eotliura  chloride  and  magnesium  sulphatt. 
They  are  not  coaj^ulated  by  heat. 

A  variety  of  alkali-albmnin  (probably  a  compound  contaiuingi 
large  quantity  of  alkali)  may  be  formed  by  adding  strong  potash 
to  undiluted  white  of  egg.  The  resulting  jelly  is  called  ZiVAfr- 
kuhn's  jelli/.  A  similar  jelly  is  formed  by  adding  strong  ac»tk 
acid  to  imdilnted  Of^^^r-white, 

Class  IV.  Nucleo-proteids. — Com^ouiidg^  of  proteids  wj^h 
nuclein.  They  are  found  in  the  nuclei  and  protoplasm'"  bf^om: 
Caseinogen  of  milk  and  vitellin  of  egg-yolk  are  similar  sul)8taDce8. 
In  pliysical  characters  tliey  often  closely  simulate  mucin ;  in  fact, 
the  substance  called  mucin  in  the  bile  is  in  some  animals  a 
nucleo-proteid.  Tiiey  may  be  distinguished  from  mucin  by  the 
fact  tliat  they  yield  on  gjvstric  digestion  not  only  peptone  but 
also  an  insoluble  residue  of  nuclein  whicli  is  soluble  in  alkalis, 
is  precipitablc  by  acetic  acid  from  such  a  solution,  and  oontaipsji 
high  percentage  (6-8)  of  phosphorus. 
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Some  of  the  uucleo-proteids  also  contain  iron,  and  it  jsj^ip.bi^ltUr/  '^  '  \ 
3b^^  th^  j^^rP^V  supply  oL  iron  to  the  body  is  contained  jn  tb^  — - 
-pucleo-proteids,  or  Eaematogens  (Bunge),  of  glanT  aiid  animal^ell|i..l  ' 

'  Ttie  relationship  of  nuclei^proteids  to^the  coagulation  of  the  \ 
blood  is  described  in  the  next  chapter. 

Nucleo-proteids  may  be  prepared  from  cellular  structures  like 
l^stis,  thymus,  kidney,  &c.,  by  two  methods : — 

1.  WoddricJge^s  method, — The  organ  is  minced  and  soaked  in 
water  for  twenty-four  hours.  Acetic  acid  added  to  the  aqueous 
extract  precipitates  the  nucleo-proteid,  or,  as  Wooldridge  called 
it>  ti89ue  fif/rinogen. 

2.  Sodium  chloride  method, — The  minced  organ  is  ground  up 
in  a  mortar  with  solid  sodium  chloride;  the  resulting  viscous 
nuus  is  poured  into  excess  of  distilled  water,  and  the  nucleo- 
proteid  rises  in  strings  to  the  top  of  the  water. 

The  solvent  usually  employed  for  a  nucleo-proteid,  whichever 
method  it  is  prepared  by,  is  a  i  per  cent  solution  of  sodium 
carbonate. 

Class    V.    Proteoses    (These  producte  of   digestion  will  be 

/^        ^rr     Ti     A  studied    in    connection    with    that 

V/iass  vl.    Peptones     1         1.    ^ 
'^  [     subject. 

iJlass  VII.  Coagulated  Proteids.  —  There  are  two  sub- 
divisions of  these : — 

(a)  Proteids  in  which  coagulation  has  been  produced  by  heat ; 
they  are  insoluble  in  water,  saline  solutions,  weak  acids,  and  weak 
alkalis ;  they  are  soluble  after  prolonged  boiling  in  concentrated 
mineral  acids;  dissolved  by  gastric  and  pancreatic  juices,  they 
give  rise  to  peptones. 

{h)  Proteids  in  which  coagulation  has  been  produced  by 
ferments : — 

i.  Fibrin  (see  Blood). 
ii.  Myosin  (see  Muscle). 

iii.  Casein  (see  Milk). 

The  Polarimeter. 

This  instrument  is  one  by  means  of  wliich  the  action  of  various 
substances  on  the  plane  of  j)olari8ed  light  can  be  observed  and 
measured. 

Most  of  the  cabrohydrates  are  dextro-rotatory. 

All  the  proteids  are  levo-rotati>ry. 

There  are  many  varieties  of  the  instrument ;  these  can  only 
be  properly  studied  in  a  practical  class,  and  all  one  can  do  here 
is  to  state  briefly  the  principles  on  which  they  are  constructed. 

c  c  2 
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Suppose  one  is  whootiTig  arrows  at  a  fence  made  up  of  narwt 
vertical  palinga ;  suppose  also  that  the  arrows  are  flat  like  tfae 
laths  of  a  vctK'tian  blind,  f  f  the  arrows  are  shot  TerticallT  tba* 
will  piiss  easily  through  the  gaps  between  the  palings^  but  K  ther 
are  shot  hoi-izcsutally  they  will  be  unable  to  pass  through  at  tJL 
This  rough  illuHtratiou  will  help  us  in  underBt^ndiug  whw  a 
meant  by  polariseti  light.  Ordinary  liglit  is  profiuced  by  tlie 
undulations  of  tether  occnrrtng  in  all  directions  at  right  aiiglei  to 
the  path  of  proptigatii^n  of  the  wave.  Polarised  light  is  pnxiuced 
by  undulations  in  out?  plane  onl}^ ;  we  may  compare  it  to  our  flit 
arrows. 

In  a  politri meter,  there  is  at  one  end  of  the  instniment  a 
NicoFs  prism,  wliich  is  made  of  Iceland  simr.  This  p<:>larise3  the 
light  which  piij^eH  through  it ;  it  is  called  the  polariser.  At  ibe 
other  end  nf  the  instrument  is  another  called  the  aoaljaer. 
Between  tlie  two  is  a  tube  which  can  be  filled  with  fluid.  If  the 
analyser  is  parallel  to  tlie  polariser  the  light  will  pass  through  to 
the  eye  of  the  rjbsorvor.  Lhit  if  the  analyser  is  at  right  angles  to 
the  polariser  it  is  like  the  flat  arrows  hitting  horizontally  th# 
verticiil  palings  of  the  fence^  and  there  is  darkness.  At  inter- 
mediate  angk's  there  will  be  intermediate  degrees  of  illuminat^oa 

If  the  analyser  and  polariser  are  parallel  and  the  iut^rmediate 
tube  filled  with  water,  the  light  will  pass  as  usual,  because  watw 
has  no  action  on  tlie  plane  of  polarised  light.  Hut  if  the  water 
contains  sugar  or  some  '  optically  active '  wubfitance  in  solutwn 
the  plane  is  twisted  in  one  direction  or  the  other  according  as  the 
substance  is  dextro-  or  levo-rotatory.  The  amount  of  rotation  h 
measured  by  the  immber  of  angles  through  which  the  analjKr 
has  to  be  tunie*!  in  order  to  obtain  the  full  illuniinatiun.  This 
will  vary  witli  tlie  leni^th  of  the  tube  and  the  strength  of  the 
solution. 

Albuminoids. 

The  albuminoids  are  a  group  of  substiiuces  which,  though 
similar  to  the  proteids  in  many  particulars,  differ  from  them  in 
certain  other  points.  The  principal  members  of  the  group  are 
the  following : — 

Collagen,  the  substance  of  which  the  white  fibres  of  oonnectiTe- 
tissue  are  composed.  Some  observers  regard  it  as  the  auhydride 
of  gelatin.     In  bone  it  is  often  called  ossein. 

Gelatin. — This  su})8tance  is  produced  by  boiling  collagen  with 
water.  It  possesses  the  peculiar  property  of  setting  into  a  jeUj 
when  a  solution  made  with  hot  water  cools.  It  gives  most  of 
the  proteid  colour  tests.    Many  observers  state,  however,  that  it 
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roucams  no  milpliMr.  On  digestion  it  is  like  proteid  converted 
1114:*  [leptone-like  aubatjiuces,  and  is  rendily  ahaorbed.  Though  it 
IT  ill  rapL&ee  io  diet  a  certaiti  quantity  of  proteid,  acting  ^s  what 
m  e&lled  a  ^  pFoteid-«pamig '  food,  it  cuimot  altogether  take  the 
plftoe  of  proteid  aa  a  food.  Animals  fed  on  gelatin  instead  of 
j^totaid  waste  rapidly, 

ChondHn,  the  very  similar  substance  obtained  froin  hyaline 
EsutUa^iL%  la  a  mii^tiU'e  of  gelathi  with  mucinoid  materials* 

MucltL, — Thia  is  a  widely  distributed  tiuliatanee,  occurring  in 
epitlielial  cella  or  shed  out  hy  them  (mueua,  mucous  glands, 
goblet  cells),  and  in  connective-tissue,  where  it  forms  the  chief 
coastituent  of  the  ground  substance  or  intercellular  material, 

Tlier«  are  several  varieties  of  mucin,  but  all  agree  in  the 
rollowing  points  :■ — 

(a)  Physical  character.     Viseid  and  tenacious. 

(h)  Precipitability  from  solutions  bj  acetic  acid.  They  ai^e 
solnLte  in  dthite  alkalis,  like  lime  water. 

(c)  They  are  all  compounds  of  a  proteid  with  a  carlKjhydmte 
mlM  animal  gum,  whieh  by  treatment  with  dilute  minend  acid 
can  be  hydrated  into  a  reducing  but  uon-femieu talkie  sugar.* 

SlAfitiu. — This  is  the  substance  of  which  the  yellow  tir  clastic 
fibres  of  comiectivc-t issue  are  composed.  It  is  a  very  insoluble 
iimterial.  The  sarcolemum  of  muscular  fibres  and  certain  basse- 
meut  menibranea  are  very  similar, 

Ifuclein,  the  chief  constituent  of  cell*nuclei.  Its  physical 
chamcten*  are  aometliing  like  those  of  mucin,  but  it  di tiers 
chemically  in  containing  a  high  percentage  of  phosphonis. 
Nuelein  ia  identical  with  the  chromatin  of  histologists  (see  p.  1 1). 

On  decomjxjsition  nuelein  yields  a  complex  organic  acid  called 
nucleic  acid^  together  with  a  variable  amount  of  proteid. 
Nucleic  acid  on  decompvjsifcion  yields  phosphoric  acid  and 
Tarions  Vitises  of  the  xanthine  group.  Some  forms  of  nuelein, 
called  pseud c^nuclein,  such  as  are  obtained  from  casein  and 
viteliin,  dilTer  from  the  true  nucleins  in  not  yielding  these 
xanthine  or,  as  they  are  soraetimes  temiwl,  alloxuric  baijes. 

Keratin,  or  homy  material,  ii^  the  Hui>stance  found  in  tlic 
snrfaeu  layers  of  the  epidermis,  in  liairs,  nails,  hoofs,  and  bonis. 
It  IS  very  iivsoluhlc,  and  chiefly  diffeit*  from  proteids  in  its  high 
percentage  of  sulplmr.  A  similar  subsmnce,  called  ft^urokfratini 
is  fomid  in  neuroglia  and  nerve  fibres.     In  this  connection  it  is 


*  Eceertt  work  ha^  ahown  th^l  by  th«  nm  of  somewhat  elabomte 
«Q}ai)  quftnlities  qI  a  f^rboliydrate  ma>*  be  ip!it  cjff  from  variftua 
prot^iite  and  albumiuokk. 


te  methods       ■ 
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iuterestitig  to  note  that  the  epidermis  aiid  the  nervous  MTstcm 
both  formed  from  tlie  sume  layer  of  the  embrjo — the  e|iibbiit» 

FrotamineB. — These  are  basic  substances  whieb  are 
with  inicleiii  in  tlie  heads  of  the  ispertnatozoji  of  certain  fifthly 
(salmon,  sturgeon,  itc).  Thej  resemble  proteida  in  uiau?  ^ 
their  cbaructera  ■  e.j^f.,  they  give  Piotrowski's  reaction  and  sonie  i^- 
the  other  teafca  for  proteids.  They  are  regarded  by  Kotwel  ^ 
the  gimplest  proteids.  By  decomposition  io  various  ways  th^ 
yield  baees  containing  six  atoms  of  carbon,  and  called  in 
sequence  the  hexQut!  bases  ;  the  bases  are  named  lysine,  argiut 
and  bistidine. 


[  PriiUoiint!  1  [Eirttidmri',  [AiiriiiineJ  [I 
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The  more  complex  pniteide  and  albuminoids  yield  theee  bi        ji^ 

also,  and  so  Kossel  considers  that  all  these  substances  con  ~ 

a    protamine    tnicleus.     The    more    complex    pn:>teid8,    howe 
yield  many  other  products  of  decomposition  in  addition  to 
phases,  a  neb  as  leucine  and  tyrosine, 

Fernaentt. 


e  word  fermentation   w-aw  tirst  applied  to  the  ehiin^* 
^r  into  alcohol  nnd  mrbonic  aeid  by  means  of  yeast. 


of 
le 
evolution  of  carbonic  acid  causes  fmtl*^  *»^ 
and  bubbling ;  hence  the  term  *  fermef^*** 
tion/  The  agent,  yeast,  M'hich  produces  t-^^*^*' 
is  called  the  ferment.  Microscopic  invesLS  ^ 
tion  shows  that  yeiust  is  composed  of  mi».  ^^ 
Dipidly-jjjro  wing  unicellular  organ  isms  (ton«i-  J*f 
belonging  to  the  fungus  ^jup  of  pUmts, 

The  souring  of  milk,  the  tmnsfonnalioc:^  ^ 
urea  into  ammonium  carbotmte  in  decom] 
ing  urinCs  and  the  formation  of  vineptar  ( 
acid)   from   alcohol    are   bron|fht  ubont 
3  very  siniilar  organisms.     Tlu.-  complex  se 

^     of  changes  known  im  putrefaction,  which  are  acconipaiue<l  by 
^     formation  of  malotlorous  gases,  and  which  are  prcjdticed  hx 
^     various  forms  of  bacteria,  also  come  into  the  same  category. 
^J^    J    That    the    change    or   fermentation    is   produced    by   tl^^**^ 
^^^^J^   forganisms  is  shown  by  the  fact  that  it  occiirs  only  when      ^^ 
5^       *  'orgajiisms   arc  present^  and   stcips  when    they  are   remove*!     ^ 
rfv    ^-/  ItUled  by  a  high  temperature  or  by  certain  substances  (cart?*'**^ 


a^r- 


uf  faud^ 


Kb  plAut  in  pronst 
:iudditi^,  «ErQj- 


9um  ^ 

dm.  ^^      J 

ac--=**3c 


by 
rif» 

th<? 


acidi  mercuric  chloride,  Jrc,)  called  antiseptics. 
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^1    The  'germ  theory*  of  disease  explains  the  infectious  diseases 

^  /bjr  considering  that  the  change  in  the  system  is  of  the  nature  of 

^^^N  fermentation,  and,  like  the  others  we  have  mentioned,  produced 

y  Aj'   microbes;  the  transference  of  the  bacteria  or   their  spores 

from  one  person  to  another  constitutes  infection.     The  poisons 

produced  by  the  growing  bacteria  appear  to  be  either  alkaloidal 

(ptomaines)  or  proteid  in  nature.     The  existence  of  poisonous 

proteids  is  a  very  remarkable  thing,  as  no  chemical  differences 

<^^>^  be  shown  to  exist  between  them  and  those  which  are  not 

poisonous,   but.  which  are  useful  as  foods.     The  most  virulent  -. 

poison  in  existence,  namely  snake  poison,  is  a   proteid  of  the 

P'^'oteose  class. 

There  is  another  class  of  chemical  transformations  which  differ 
^^'y  considerably  from  all  of  these.  They,  however,  resemble 
these  fermentations  in  the  fact  that  they  occur  independently  of 


« ^^ 
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,000 
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'^^^  AS7.— Tjrpes  of  micro-orgaxuBins.  a,  microoooci  arranged  Kingly ;  in  twos,  diplooocd— 
a  all  the  microcood  at  a  were  grouped  together  they  would  be  called  iitaphylocooci— 
and  in  foon,  ■aztdnte ;  b,  microoocd  in  chaiuH,  atreptococci ;  c  and  <i,  bacilli  of  various 
kinds  (one  is  repiresented  with  flageUiim) ;  ^ ,  various  forms  of  Hpirilla  ;  /,  sporos,  either 
freeorinbadlll. 


^y  apparent  change  in  the  agents  that  produce  them.  The 
^ents  that  produce  them  are  not  living  organisms,  but  chemical 
^bstances,  the  result  of  the  activity  of  living  cells.  The 
change  of  starch  into  sugar  by  the  ptyalin  of  the  saliva  is  an 
instance. 

Ferments  may  therefore  be  divided  into  two  classes  : — 

1.  The  organised  ferments — torulaj,  bacteriii,  (kc. 

2.  The  unorganised  ferments,  or  enzymes — like  ptyalin. 
Each  may  be  again  subdivided  according  to  the  nature  of  the 

chemical  change  produced. 

In  digestion,  the  study  of  which  we  shall  soon  be  commencing, 
it  is  the  unorganised  ferments  with  the  action  of  which  we  have 
chiefly  to  deal. 
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The  unorgfttiised  fermenU  may  be  clflssified  as  follow  9 :— 

(a)  Amylolytic— thoiae  which  change  amyloeea  (Btai^h^  glyc«. 
gen)  into  sugars.     Examples  :  ptyalm,  diaaU&se,  amyloptin. 

(b)  Proteolytic — those  which  change  proteids  into  proitote^ 
and  peptones.      Examples  :  pepsin,  tiypsin. 

(c)  Steatolytic — those  which  split  fata  into  fatty  acids  and 
glycerine.      An  example,  steapsin,  ia  found  in  pancreatic  juice. 

(d)  Inveraivc — tlioge  which  convert  saccharoses  (cans  iugar, 
maltose,  lactone)  into  glucose.  Examples :  inTertin  of  intestloil 
jnice  and  of  yaiat  cells. 

(e)  Coagiilativc^ those  which  convert  soluble  into  insokbii 
proteids.      KxamplcM :  rennet^  fibrin  ferment,  myosin  fenuent. 

Most  feriueut  actions  are  hydrolytic — i.f.,  water  is  added  to 
the  material  acted  on,  which  then  splits  into  new  m&tenftla. 
This  is  seen  by  tlie  following  examples  : — 

1.  Conversion  of  cellulose  into  carbonic  acid  and  marsh  gii 
methane)  by  putrefactive  oi^anisms — 

(C;H,  A)"  +  »H,0  =  3nC0,+ 311CH, 

[(>^Ikllu4i']         tWater]      [(^krhojifc     [MntJuMl 
Hcidl 

2.  Invention  of  cane  sugar  by  the  unorganised  fenneat 
invert  in — 

[Cane  NUK^ar]     [Water]    [DextntiM*]       [I>evulo8e] 

A  remarkable  fact  concerning  the  ferments  is  that  the  sub* 
8tance8^th(?y\pr()dnce  hrtlinie  put  a  stop  to  their*  activity^:  tfay, 
nTTKe  case  of  tTie  organised  ferments,  the  alcohol  produced  by 
ycjist,  the  phenol,  cresol,  A-c,  pnxinced  by  puti:6fa9tiy(i.0]:ganiflntf 
from  proteids,  first  stop  the  growth  of  and  ultimately  kill  the 
organisms  which  pnKluce  them.  In  the  case  of  the  enzymes 
also  the  products  of  their  activity  hinder  and  finally  stop 
their  action,  but  on  the  removal  of  these  products  the  fermenU 
.resume  work. 

J  Ferments  act  best  at  a  tcni2)eratui-e  of  about  40°  (\  Their^ 
activity  is  stopped,  but  the  ferments  are  not  destroyed,  l^j  coU ; 
ft  is  stopped  and  the  ferments  kille<l  by  too  great  heat.  A 
certain  amount  of  moisture  and  oxygen  is  also  necessary ;  there 
are,  however,  certain  micro-organisms  that  act  without  free 
oxygen,  and  are  ctilled  anaiTobic  in  contradistinction  to  those 
which  require  oxyj?en,  and  arc  called  aerobic. 

The  chemical  nature  of  the  enzymes,  or  unorganised  ferments, 
is  very  ditticult  to  investigate:  they  are  substances  that  elude 
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tbe  chemist  to  a  great  extent.     So  far,  however, 
f  taught  UJ8  that  they  are  either  proteid  in  nature  or 
Biibstauc^  eloeely  allied  to  the  proteids, 

The  distuiction  between  organise  I  fcnmetits  ».in\  en^ymt'fli&tQorertpimrentVl 
bmn  fmal ;  for  the  micro^orgiaiiisniH  exert  their  action  hj  eii^jroc^  that  they 
pQcrete,     By  crushing  yeast  ceik  Bucbner  haa  succeeded  iu  obtaming  from 
them  An  unvfme  that  produces  alcf*hplic  femieiitatHJE.  * 
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THE  BL*>oa 

Thb  blood   ia  the  fluid  medium   by  meaui  of  which  all  thi 
of   the  body    are  directly   or  indirectly   uourished;    h' 
oL-iL^!^  auch   of    the    ma  tenuis    resultiug    from    tge 
frgtabolism  of  the  tJaauea  which"  are   of  no  further  use   iu  the 
nomv  are  lyroed ^tTTSa^i^tor j  organs  to  be  removed  fjroin. 
He^BoJy.     It  18  a  somewhat  viseid  fluid,  ami  in  man  aud  iti 


ler  vertebrate  animals,  with  the  ejEcei>tioii  of  two,*  in  red 
colour,     Tbe  ejcact  shade  of  red  is  variable  ;  that  t*tken  from 
arteries,  from  the  left  side  of  the  heart,  and  from  the  pidoiotrnj*; 
veins  it*  of  a  l>right  scarlet  hue  ;  that  obtained  from  the  systemic  ^ 
:ein8,  from  the  right  side  of  the  heart,  and  from  the  pulmouai 
■ry  is  of  a  much  darker  colour.     At  first  sight  the  red  colour 
^peam  to  belong  to  the  whole  maas  of  blood,  htit  on   furthe 
atnination  this  is  fotmd  not  to  be   the  case.      In   reality  bloo( 
inakts  of  an  almost  colourless  fl\nd,  called  plasmti  or  liquor 
niTumiB^  in  which  are  auapended  uumurouH  blood  corpusclee^ 
fthicb  are,  for  the  most  part,  colourcil,  aiid  it  is  to  thtir  [ireaunci 
m  the  flnid  that  the  red  colour  of  tbe  blood  is  due. 

tEven  when  examined  in  very  thin  layers,  blood  is  fj^nvpi^t  on    i 
Mxiuiit  of  the  different  refractive  p>wera  jxissesscd  by  its  twc^  3 
mstituenl^  viz.,  the  plasma  aud  the  corpuselce,     IHi  treatmeni.„«|^ 
itb  ether,  water,  and  other  reagents,  hnwcvert  it  becomes  trans- 
irent  and  assumes  a  lake  colour,  in  conseciueuce  of  the  colouring 
latter  of  the  corpuscles  having  been  diacbarged  into  the  plasma, 
J  he  average  si>cc(fic  tfTavify  of  blood  at   15-  C,  (60^'  K)  varies 
from  1055   to  1062.     A  rapid  and  useful  methucl  of  estimating 
the  specific  gravity  of  blood  was  iuveuted  by  Roy,     Drops  of  blood 
are  taken  and  allowed  to  fall  into  fluids  ol  know7i  specitic  gravity. 
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Wheu  the  drop  neither  rises  nor  sinks  in  the  fluid  it  is  taken  to 
be  of  the  same  specific  gravity  as  that  of  the  standard  fluid.  The 
reaction  of  blood  is  faintly  alkaline  and  the  tcute  saltish.  Its 
temperature  varies  slightly,  the  average  being  37*8°  C.  (100°  F.). 
The  blood  stream  is  warmed  by  passing  through  the  muaclca, 
nerve  centres,  and  glands,  but  is  somewhat  cooled  on  traversing 
the  capillaries  of  the  skin.  Recently  drawn  blood  has  a  distinct 
(xlfyiir,  wiiich  in  many  cases  is  characteristic  of  the  animal  from 
which  it  has  been  taken.  It  may  be  further  developed  by  adding 
to  blood  a  mixture  of  equal  parts  of  sulphuric  acid  and  water. 

Quantity  of  the  Blood. — The  quantity  of  blood  in  anj 
animal  under  normal  conditions  bears  a  fairly  constant  relation  to 
the  body-weight.  The  methods  employed  for  estimating  it  are 
not  so  simple  as  might  at  first  sight  have  been  thought  For 
example,  it  would  not  be  possible  to  get  any  accurate  informatioD 
on  the  point  from  the  amount  obtained  by  rapidly  bleeding  an 
animal  to  death,  for  then  an  indefinite  quantity  would  remain  in 
the  vessels;  nor,  on  the  other  hand,  would  it  be  possible  to 
obtain  a  correct  estimate  by  less  rapid  bleeding,  as,  since  life 
would  be  more  prolonged,  time  would  be  allowed  for  the  passage 
into  the  blood  of  lymph  from  the  lymphatic  vessels  and  from 
the  tissues.  In  the  former  case,  therefore,  we  should  unde^ 
estimate,  and  in  the  latter  over-estimate,  the  total  amount  of  the 
blood. 

Of  the  several  methods  which  have  been  employed  the  moat 
accurate  is  the  following.     A  small  quantity  of  blood  is  taken 
from  an  animal  by  venesection  ;  it  is  defibrinated  and  measured^ 
and  used  to  make  standard  solutions  of  blood.     The  animal  i% 
then   rapidly  bled   to   death,   and   the  blood  which   escapes  i^ 
collect^jd.      The  blood-vessels  are  next  washed  out  with  saliik^ 
solution  imtil  the  washings  arc  no  longer  coloured,  and  these  are 
added    to   the    previously   withdrawn    blood ;    lastly    the   whale 
animal  is  finely  minced  with  saline  solution.     The  fluid  obtained 
from  the  mincings  is  carefully  filtered  and  added  to  the  diluted 
blood  previously  obtained,  and  the  whole  is  measiu*ed.     The  next 
step  in  the  process  is  the  comparison  of  the  colour  of  the  diluted 
blood  with  that  of  stiindard  solutions  of  blood  and  water  of  a 
known  strength,  until  it  is  discovered  to  what  standard  solutioo 
the  diluted  blood  corresponds.     As  the  amount  of  blood  in  tie 
corresponding  standard  solution  is  known,  as  well  as  the  total 
quantity  of  diluted  blood  obtained  from  the  animal,  it  is  easy  to 
calculate  the  absolute  amount  of  blood  which  the  latter  contained, 
and  to  this  is  added  the  small  amount  which  was  withdrawn  of 
make  the  standard  HolutiouH.     This  ^ives  the  total  amount  to 
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ilood  which  the  auimal  contained.  It  is  contrasted  with  the 
reight  of  the  animal,  previously  known. 

The  result  of  many  experiments  shows  that  the  quantity  of  blood 
n  various  animals  averages  iV  to  tV  of  ^^^  ^^^1  body-weight 

Au  estimate  of  the  quantity  in  man  which  corresponded  nearly 
rith  this  proportion  has  been  more  than  once  made  from  the 
'ollowing  data.  A  criminal  was  weighed  before  and  after  dccapi- 
Sktion  ;  the  difference  in  the  weight  represented  the  quantity  of 
t>lood  which  escaped.  The  blood-vessels  of  the  head  and  trunk 
irere  then  washed  out  by  the  injection  of  water  until  the  fluid 
irhich  escaped  had  only  a  pale  red  or  straw  colour.  This  fluid 
was  then  also  weighed  ;  and  the  amount  of  blood  which  it  repre- 
sented was  calculated  by  comparing  the  proportion  of  solid  matter 
cxMitaiiied  in  it  with  that  of  the  first  blood  which  escaped  on 
decapitation.  Two  experiments  of  this  kind  gave  the  same 
results.     (Weber  and  Lehmann.) 

Coagulation  of  the  Blood. 

One  of  the  most  characteristic  properties  which  the  blood 
possesses  is  that  of  clotting  or  coagulating.  This  phenomenon 
may  be  observed  under  the  most  favourable  conditions  in  blood 
irhicb  has  been  drawn  into  an  open  vessel.  In  about  two  or  three 
minutes,  at  the  ordinary  temperature  of  the  air,  the  surface  of 
the  fluid  is  seen  to  become  semi-solid  or  jelly'like^  and  this  change 
takes  place  in  a  minute  or  two  afterwards  at  the  sides  of  the 
Teasel  in  which  it  is  contained,  and  then  extends  throughout  the 
entire  mass.  The  time  which  is  occupied  in  these  changes  is 
about  eight  or  nine  minutes.  The  solid  mass  is  of  exactly  the 
same  volume  as  the  previously  liquid  blood,  and  adheres  so  closely 
to  the  sides  of  the  containing  vessel  that  if  the  latter  be  inverted 
none  of  its  contents  escape.  The  solid  mass  is  the  crassamentvmf 
or  clot.  If  the  clot  is  watched  for  a  few  minutes,  drops  of  a 
light  straw-coloured  fluid,  the  ««^wm,  may  be  seen  to  make  their 
appearance  on  the  surface,  and,  as  they  become  more  and  more 
numerous,  to  run  together,  forming  a  complete  superficial  stratum 
above  the  solid  clot.  At  the  same  time  the  fluid  begins  to 
transude  at  the  sides  and  at  the  under-surface  of  the  clot,  which  in 
the  course  of  an  hour  or  two  floats  in  the  liquid.  The  first  drops 
of  serum  appear  on  the  surface  about  eleven  or  twelve  minutes 
after  the  blood  has  been  drawn  ;  and  the  fluid  continues  to 
transude  for  from  thirty-six  to  forty-eight  hours. 

The  clotting  of  blood  is  due  to  the  development  in  it  of  a  sub- 
stance called  ^^'n,  which  appears  as  a  meshwork  (fig.  328)  of 
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fine  fibrils.  This  meshwork  entangles  and  encloses  within  itadf 
the  bl(X)d  corpuscles.  The  first  clot  formed,  therefore,  indudes 
the  whole  of  the  constituents  of  the  blood  in  an  apparently  wlid 
mass,  but  soon  the  fibrinous  meshwork  begins  to  contract,  and  the 
serum  which  does  not  belong  to  the  clot  is  squeezed  out.  When 
the  whole  of  the  serum  has  transuded  the  clot  is  found  to  be 
smaller,  but  firmer  and  harder,  as  it  is  now  made  up  chiefly  of 
fibrin  and  blood  corpuscles.  Thus  coagulation  re-arranges  the 
constituents  of  the  blood ;  liquid  blood  is  made  up  of  plasnui 
and  blood  corpuscles,  and  clotted  blood  of  serum  and  clot 

Fibrin  is  formed  from  the  plasma,  and  may  be  obtained  free 
from  corpuscles  when  blood-plasma  is  allowed  to  clot^  the  corpuscles 


Fig.  328.— Beticulum  of  fibrin,  from  a  drop  of  homan  blood,  after  treatment  wA 
roaanilin.    The  entangled  corpiwcle8  are  not  seen.    (Banvier.) 

having  previously  been  removed.  It  may  be  also  obtained  from 
blood  by  whipjmig  it  with  a  bunch  of  twigs ;  the  fibrin  adheres 
to  the  twigs  and  entangles  but  few  corpuscles.  These  may  be 
removed  by  washing  with  water.  Serum  is  plasma  minus  fibrin. 
The  relation  of  plasma,  serum,  and  clot  can  be  seen  at  a  glance  in 
the  following  scheme  of  the  constituents  of  the  blood  : — 


I  Plasma 


f  Serum 
I  Fibrin^ 


Bioixi : 


Clot 


Corpuscles 


i 


It  may  be  roughly  stated  that  in  100  parts  by  weight  of  blood 
60-65  parts  consist  of  plasma  and  35 "4^  ^^  corpuscles. 
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The  hufy  coat  is  seen  when  blood  coagulates  slowly,  as  in 
hone's  blood.  The  red  corpuscles  sink  more  rapidly  than  the 
white,  and  the  upper  stratum  of  the  clot  (buffy  coat)  consists 
mainly  of  fibrin  and  white  corpuscles. 

Coagulation  is  hastened  by — 

1.  xV  temperature  a  little  over  that  of  the  body. 

2.  Contact  with  foreign  matter. 

3.  Injury  to  the  vessel  walls. 

4.  Agitation. 

5.  Addition  of  calcium  salts. 
Coagulation  is  hindered  or  prevented  by — 

1.  A  low  temperature.  In  a  vessel  cooled  by  ice,  coagulation 
may  be  prevented  for  an  hour  or  more. 

2.  The  addition  of  a  large  quantity  of  neutral  salts  like  sodium 
sulphate  or  magnesium  sulphate. 

3.  Contact  with  the  living  vascular  walls. 

4.  Contact  with  oil. 

5.  Addition  of  oxalates.  These  precipitate  the  calcium  necessary 
for  coagulation  as  insoluble  calcium  oxalate. 

6.  Injection  of  commercial  peptone  (which  consists  chiefly  of 
proteoses)  into  the  circulation  of  the  living  animal. 

7.  Addition  of  leech  extract.  This  acts  in  virtue  of  a  proteose 
it  contains. 

The  theory  generally  received  which  accounts  best  for  the 
coagulation  of  the  blood  is  that  of  Hammarsten,  and  it  may  be 
briefly  stated  as  follows  : — 

When  blood  is  in  the  vessels  one  of  the  constituents  of  the  plasma^  a 
proteid  of  the  glolnUin  class  called  Jibrinogen,  exists  in  a  soluble  form. 

When  the  blood  is  shed  the  fibrinogen  niolectde  is  split  into  Uvo 
parts  :  one  part  is  a  globuliny  which  remains  in  solution  ;  the  other 
is  the  insoluble  material  fibrin. 

This  change  is  brought  about  by  the  activity  of  a  special 
unorganised  ferment  called  the  Jibrin-ferment  or  thrombin. 

This  ferment  does  not  exist  in  healthy  blood  contained  in  healthy 
blood-vessels,  but  is  one  of  the  products  of  the  disintegration  of  the 
white  corpuscles  and  blood  tablets  that  occurs  when  the  blood  leaves 
the  vessels  or  comes  into  contact  vnth  foreign  matte?'. 

To  this  it  may  be  added,  as  the  result  of  recent  research,  that 
a  soluble  calcium  salt  is  essential  for  the  formation  of  the 
ferment ;  that  the  fibrin-ferment  belongs  to  the  class  of  nucleo- 
proteids ;  that  other  nucleo-proteids  (Wooldridge's  tissue-fibrino- 
gens)  obtained  from  most  of  the  cellular  organs  of  the  body 
produce  intravascular  clotting  when  injected  into  the  circulation 
of  a  liying  animal. 
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The  substance  which  is  converted  into  fibrin-ferment  cm*  thrombiQ 
by  the  action  of  a  calciiun  salt  may  be  conveniently  termed 
prothrortibin. 

The  process  of  fibrin  formation  may  therefore  be  represented  in 
the  following  tabular  way  : — 

From  the  colourless  corpuscles  a 
nucleo-proteid  is  shed  out,  called— 
Pbotbbombik. 

By  the  action  of  calciom  salts 
l)rothrombin  is  oonverted  into 
fibrin-ferment,  or 

Thrombin. 


In  the  plasma  a  proteid  substance 
exists,    c  ailed — 

Fibrinogen. 


Thrombin  acts  on  fibrinogen  in  such  a  way  that  two  new  substances  are 

formed. 


One  of  these  is  unimportant,  viz. 
a  globulin  which  remains  in  solution. 
Its  amount  is  very  small. 


The  other  is  important,  Tii. 
Fibrin,  which  entangles  the  cor- 
puscles  and  so  forms  the  Clot. 


The  Plasma   and   Serum. 

The  liquid  in  which  the  corpuscles  float  may  be  obtained  by 
employing  one  or  other  of  the  methods  already  described  for 
preventing  the  blood  from  coagulating.  The  corpuscles,  bciug 
heavy,  sink,  and  the  supernatant  plasma  can  then  be  removed  by 
a  pipette  or  siphon,  or  more  thoroughly  by  the  use  of  a  centrifugal 
machine  (see  tig.  329). 

On  counteracting  the  influence  which  has  prevented  the  blood 
from  coagulating  tiie  plasma  then  itself  coagulates.  Thus  plasma 
obtained  by  the  use  of  cold  clots  on  warming  gently ;  plasma 
which  has  been  decalcified  by  the  action  of  a  soluble  oxalate  clots 
on  the  iiddition  of  a  calcium  salt ;  plasma  obtained  by  the  use  of 
a  strong  solution  of  salt  coagulates  when  this  is  diluted  by  the 
addition  of  water,  the  addition  of  fibrin-ferment  being  necessaiy 
in  most  cases ;  where  coagulation  occurs  without  the  addition 
of  fibrin-ferment  no  doubt  some  is  present  from  the  partial 
disintegration  of  the  corpuscles  which  has  already  occurred. 
Pericardial  and  hydrocele  fluids  resemble  pure  plasma  very  closely 
in  composition.  As  a  rule,  however,  they  contain  few  or  no  white 
corpuscles,  and  do  not  clot  spontaneously,  but  after  the  addition 
of  fibrin-ferment,  or  liquids  like  serum  that  contain  fibrin-ferment^ 
they  always  yield  fibrin. 

Pure  plasma  may  Ije  obUiined  from  horse's  veins  by  what  is 


CV1.] 


THE    PLASMA    AND    BERUM, 


399 


chs  the  *  living  teatr-tub^  '  experiment.      If  the  jugular  vein 
ittired  in  two  places  so  i\&  to  include  it  quantity  of  blood 
Itliiu  it,  then  removed  from  the  animal  and  hung  in  a  cool  place, 


Ff ,  ta^^Plun  and  section  of  wntrifugml  manhiii^ 


socket  ttiecured  to  top  of 


fte 


JUafG  muud  ttLmtabk-  t>  i  y  v.  nhmlluv  grooveii  vn .  m  vhidn  the  list  tubes  are 

§M  b^  cJamm  o  ci ;  n,  a  pulley  fljiJ^d  to  cq4  of  dpmil^v  o  uid  turned  hy  ^  eottl  £  : 
liireiirasiiiilepulle^'Hforccirac,    '«-  -    - -*     -         '  *         .        - 


The  iiypt?r  piiit  of  the  flgura  ii  a  tn^fbra  view  of 


blood  will  not  clot  for  many  hours.     The  corpuscles  settle, 
and  the  supernatant  plasma  can  be  remove<:l  with  a  pipette. 

The  plasma  m  alkaline,  jellouish  in  tittt,  and  its  aj>ecific  gravity 
jft about  J026  to  1029.       iQoo  pitrtts  of  phi^ma  contidu  : — - 


Water  ,  .  .  .  ' 
Solids  .  .  ,  .  . 
Protddi :  t.  y^elcl  of  ftbrin 

2j  other  protfida  . 
IxtmctivGa  (ineludinp  fai) 
Inorganic  B£kU A     ,        « 


902 '90 

97*0 

405 

7884 

566 

^^55 
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In  round  numbers,  plasma  contains  lo  per  cent  of  solids,  of 
which  8  are  proteid  in  nature.  Note,  however,  the  comparatiTeIr 
small  yield  of  tibrin. 

Serum  contiiins  the  same  three  classes  of  constituenU—prO' 
teids,  extractives,  and  salts.  The  extractives  and  salts  are  tie 
same  in  both  liquids.  The  proteids  are  difTerent,  as  is  shown  in 
the  following  table  : — 

Proteidit  of  Plasnut.  Proteidt  of  Srrum. 
Fibrinogen.  Serum  globulin. 

Scrum  globulin.  Serum  albumin. 

Scrum  albumin.  Fibrin-ferment. 

The  gases  of  plasma  and  serum  are  small  quantities  of  oxjgen, 
nitrogen,  and  carbonic  acid.  The  greater  part  of  the  oxygen  of 
the  blood  is  combined  in  the  red  corpuscles  with  hsemoglobb; 
the  carbonic  acid  is  chiefly  combined  as  carbonates.  The  gasn 
of  the  blood  have  already  been  considered  under  Respiration  (see 
p.  366). 

We  may  now  study  one  by  one  the  various  constituents  of  the 
plasma  and  serum. 

A.  Proteids. — Flh^inogeii,  This  is  the  substance  acted  on  by 
fibrin-ferment.  It  yields,  under  this  action,  an  insoluble  product 
called  fit/rin  and  a  soluble  proteid  of  the  globulin  class. 

Fibrinogen  is  a  globulin.  It  differs  from  serum  globulin,  and 
may  be  separated  from  it,  by  making  use  of  the  fact  that  half- 
saturation  with  sodium  chloride  precipitates  it.  It  coagulates  bj 
heat  at  the  low  temperature  of  56°  C. 

Heruvi  globulin  and  serum  alhumin, — These  substances  exhibit 
the  usual  differences  already  described  between  albumins  and  globu- 
lins (p.  385).  Both  are  coagulated  by  heat  at  a  little  over  70°  C. 
Tiicy  may  be  separated  by  dialysis  or  the  use  of  neutral  salts. 
The  readiest  way  to  separate  them  is  to  add  to  the  serum  an 
eipial  volume  of  saturated  solution  of  ammonium  sulphate.  Thb 
is  equivalent  to  semi-saturation,  and  it  precipitates  the  globulin. 
If  magnesium  sulphate  is  used  as  a  precipitant  of  the  globulin 
it  must  be  added  in  the  form  of  crystals,  and  the  mixture  well 
shaken  to  ensure  complete  saturation. 

Serum  globulin  Wi\s  formerly  called  fihrinojdcutin,  because  it 
was  believed  to  take  some  share  in  fibrin  formation.  It  is  alao 
called  paixifflobuUn,  It  may  be  imperfectly  precipitated  by 
diluting  serum  with  twenty  times  its  volume  of  water  and  then 
adding  a  trace  of  acetic  acid,  or  passing  a  stream  of  carbonic  acid 
gas  through  the  diluted  serum. 

Fibrinrfemient, — Schmidt's  method  of  preparing  it  is  to  take 
serum  and   add    excess  of   alcohol.     This   precipitates  all  the 
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j)n)t<*i(ls,  tibrin-fciiiieiit  included.  After  ^nmv  weeks  thf  alcohol 
is  pourcxl  oft*;  the  serum  globulin  and  serinn  albumin  have  been 
by  this  means  rendered  insoluble  in  water ;  an  aqueous  extract  is, 
however,  found  to  oontaln  fibrin-ferment,  which  is  not  so  easily 
coagulated  by  alcohol  as  the  other  proteids  are. 

B.  EztraotiYes. — ^These  ai<e  non-nitrogenous  and  nitrogenous. 
The  non-nitrogenous  are  fats,  soaps,  cholesterin,  and  sugar;  the 
nitrogenous  are  urea  (0*02  to  0*04  per  cent.)  and  still  smaller 
quantities  of  uric  acid,  creatine,  creatinine,  xanthine,  and  hypo- 
zanthine. 

C.  Salts. — ^The  most  abundant  salt  is  sodium  chloride  ;  it  con- 
stitutes between  60  and  90  per  cent,  of  the  total  mineral  matt^j^" 
POUAsiuHh  cnionde  is  prSsent  in  1fiti(itrism&TTer  amount.     It  oonsti- 
tutes  about  4  per  cent,  of  the  total  ash.     The  other  salts  are 
phosphates  and  sulphates. 

Schmidt  gives  the  following  table  : — 

1000  parts  of  plasma  yield-— 

Mineral  matter ^'550 

Chlorine 3*640 

SOg 0115 

P«Oi 0*191 

Potassium 0*323 

Sodinm 3 '.Hi 

Calcium  phosphate 0*311 

Magnesium  pnosphate 0*222 


The   Blood-Corpuscles. 

There  are  two  principal  forms  of  corpuscles,  the  red  and  the 
whdUj  or,  as  they  are  now  frequently  named,  the  coloured  and 
the  colourless.  In  the  moist  state  the  red  corpuscles  form  about 
40  per  cent  by  weight  of  the  whole  mass  of  the  blood.  The 
proportion  of  colourless  corpuscles  is  only  as  i  to  500  or  600  of 
the  coloured. 

Bed  or  Coloured  Corpuscles. — Human  red  blood  corpuscles 
are  circular  biconcave  discs  with  rounded  ed^es,  ^-^jjjf  inch  in 
diameter  (7/i  to  8/a)  and  itj^t^t  ^^^^^^  ^^  about  2/x,  in  thickness. 
When  viewed  singly  they  appear  of  a  pale  yellowish  tinge  ;  the 
deep  red  colour  which  they  give  to  the  blorxl  is  observable  in 
them  only  when  they  are  seen  en  maase.  Tliey  are  eoni[)08e(l 
of  a  colourless,  structureless,  and  transparent  filmy  framework, 
or  stroma,  infiltrated  in  all  parts  by  a  red  colouring  matter 
termed  hoBtnoglobin,  The  stroma  is  elastic,  so  that  as  the  cor- 
puscles circulate  they  admit  of  changes  of  form,  in  atlaptatiou 
to  the  vessels,  and  recover  their  natural  shape  as  soon  as  they 
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escape  from  compreBsion.  The  colouring  matter  uniformly  per- 
vades the  stroma.  The  consistency  of  the  peripheral  put  of  the 
stroma  is  greater  than  that  of  the  more  central  portions;  tlui 
plays  the  part  of  a  membrane  in  the  processes  of  osmosis  tint 
occur  when  water  or  salt  solution  are  added  to  the  oorpuiclei. 

The  red  corpuscles  have  no  nuclei ;  the  unequal  ref ractioD  fi( 
transmitted  light  gives  the  appearance  of  a  central  spot^  darl^ 
or  brighter  than  tiie  border,  according  as  it  h  viewed  in  or  wa 
of  focus.     Their  specific  gravity  is  about  1088. 

The  corpuscles  of    all  manimalsi  with    the  exception  d^  tin 


Pig.    330*  —  Red    corptwclfB    in    rouleaux. 
The  white  oorpwcloH  are  unooloured. 


Fig.  33X.— Corptudea  of  the  ri^. 
central  nuun  (UDdate  off   wadtL^ 
coloured  oorpiMKleft.    The  qUmv  < 
puadea  aie    t»q   inu^etiea   «f 
cdonrleaBform. 


camel  tribe,  are  circular  and  biconcave.  They  are  generally  iwg 
nearly  the  size  of  human  red  corpuscles.  They  are  smallMtb 
the  deer  tribe  and  largest  in  the  elephant.  In  the  oameKds 
they  are  biconvex.  In  all  mammals  the  corpuscles  are  non- 
nucleatecK'  and  in  all  other  vertebrates  (birds,  reptiles,  amphibia, 
and  fishes)  the  corpuscles  are  oval,  biconvex,  and  nucleated  (fig. 
332)  and  larger  than  in  mammals.  They  are  largest  of  aU  in 
certain  amphibians  (amphivma,  proteu$). 

The  red  c(;rpuscles  are  not  all  alike,  for  in  almost  eveiy  speci- 
men of  blooil  may  be  also  observed  a  certain  number  of  corpuscles 
smaller  than  the  rest.  They  are  termed  mtcrocyteSy  or  hcemato- 
blasts  and  are  probably  immature  corpuscles. 

A  property  of  the  red  corpuscles,  which  is  exaggerated  in 
inflammatory  blood,    is  a  tendency  to  adhere  together  in  roUs 
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tunitis  (rouleaux),  like  piles  of  coius.     These  rolls  quickly 
togftLer   by  their  enda,  atid  ciuater;  bo  that,  when   the 
lis  spread  out  thinly  an  a  glass,  thejr  form  au  irregular 
foHt  ifi^.  330). 


MAMMALS. 


•  1  #  •    • 


27  Ai        '      I    At.£t 


R    D    S 


R    E    PT    I    L   E:    S. 


1      C  A  M  r  4 

^    <^^£..' 

f-il?^        r 

^^^^^H 

AMPHIBIA. 


Th«  ■.bqrvc  QlUfltrntion  m  «mne«fa.ftt  vltored  itom  t.  dnwinjf  bv  OulliiwrT  in  the 

',  Zool.  Sodety.  Mid  ^i:hibit»  tlio  Cypit^l  c^antcteTV  of  tie  red  DLood-ceUs  m  tbe 

'  lovu  af  the  VprtebmU.    The  fmi'^tiaTitt  iLi«  tbtHe  at  aa  incb,  *tid  KUrfaexit 

?  tlJbtDet4.'f ,    In  tbe  ranc  of  tha  oval  l-^Cs^  ddJt  the  Ions  diatutftrr  ii  ben 

i»  TeimfrTkAble^  thnt  oJtfaough  the  sixe  of  thi&  led  blood -c«lli  Taj-f  1^  90  ibdch 

jQtot  dftsse*  Off  the  viertebmte  kin^om,  that  of  the  wbite  cotptuGlM  rsokiiiu 

iT«lr  UfttitdtniT  mad  ik0»  th«y  are,  in  «oiae  aalnmb,  lur^er,  in  otbeni  muUlai 

red  ooTpfii«:^«i* 

of   BAa««nta Considemble   Kjfht   has  be€D   thrown    on    the 

^C»l  ftod  chemical  fonstitufjon  of  rcsi  blood»oells  by  studying  the  effects 
idna^  by  mechftiLical  means  and  by  vanons  reagents  ;  the  foUowmg  la  ft 
tf  summ&ry  of  thefic  reaetiona  : — 
lVeUi?r.  —  WlicD  water    U    fwUled  gmrlually    t^    frog*i  blood,  the  oval 

tiflcl^   become   spherical^  and  graduany  jjicharifi;  their 
D  0  2 
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hsemoglobio,  a.  paJe«  tranBpArcnt  atroma  being  left  bclUnd  :  hamAii  r&l  b/^ 
colls  swell,  t^h»ngD  from  n  clLeiC4:)i(likl  to  a  aphcmiifal  fcinn,  and  diiida:|« 
their  pigincptf   becoming   quite   trfliiKparent    »nd  all  lit 
j^  o*.  in  visible* 

^^  Phy«itfh*^u'al  Muiifie  ^tflitiiatt  eHUHeK  no  effect  on  tke  led 

^  corjmttcles  l>cyoMil  pn^venting  them  runiiinj^  into  Toukjuii. 

If  »  f^tron^Gi-  salt  Euilqtion  is  uied,  the  enrpUAcles  i^hntik  aM 

'^S.VK- Effect    become  crenated  (fig.  333). 

iution  (^enA^        BUttte  ae^le  atrid  cauftes  the  nucleun  of  the  Ted  blooil-od^ 

tion).  in  the  frog  to  become  tnore  clearly  flofinetl  ;  if  the  action  ii 

prolonged,  the  nucleus  bca>me^  uirotigly  graunlated,  uid  iQ 

tbe  colouring  matter  scemi  to  be  ooncentrated  id  it,  the  auTrounding  c<U« 

subetance  and  oat  line  of  the  cell  becoming  almost  InTlsible  ;   After  a  dat 

the  cella  lose  their  colour  altogether.    The  cetU  in  the  fignt 

(fi^^  314)  represent  the  BUcceieiye  at  ages  of  thechanse^   i 

similar  ln?ss  of  colour  oceura  in  the  red  corpuscles  ol  niui 

bloo^l,  whidi^  however^  from  the  abacnoe  of  nucleit  KCtti  to 

disappear  entirelj. 

Dilute  alkalix  cause  tbc  rod  blooil-oelU  to  diaaolTeilowlf, 

and  finally  to  dia&ppear. 

Fiff.  334.— Eflfwt       CMarfi/itrm  added  to  the  ra I  blood-cell b  of  the  fitJg  guub 

of  acetic  add,      tlicra  to  |)«rt  with  their  hBcmoglobin  ;  the  stroma  of  theodk 

becomes  gradually  broken  tip.    A  aimilar  effect  is  piodqad 

on  the  human  red  blood*corpUBcle». 

Tannic  flr/rf.^When  a  2  per  cent,  fresh  solution  of  tannic  (tdd  is  apfdJei 

to  froe'a  blood  it  cauaee  the  app^ranoe  of  a  aham^* 

,•■.  ^^        defined  little  knob,  projecting  from  the  free  somei 

D       (1)  \ft  1        illof^rtM'  marttUy  i    the  colouring  nmttcr  becomei  it 

O  ^    Vy    \g^         the  aamc  time  concentrated  in  the  nuclens,  which  groq 

r^\  more  distinct  (fig.  335).     A  somewhat  Binjilar  effect  ii 

^^  produced  on  the  human  red  blood*c^rpnBcle,  the  cokm-^ 

Fig.  355.  -Etfi,=H  erf      ^"S  matter  being  discharged  and  c<>aguhited  as  a  little 

tunuin.  knob  of  hsomiitin  on  t lie  surface  tif  the  stroma. 

UtrHe   acid, — A    3    per    cent,   solution    applied  to 

nucloatoil  mi   birjod-ccllfl  (frog)  will  canse  the  con  cent  rat  ioo  of  all  tk 

colouring  nmrtcr  in  the  nucleus  ;  the  coloured  body  thus  formed  graddi^j 

quil»  its  central  poettiou^  and  comes  to  be  ]>aTtly»  i!iometiii» 

rsf^  entirely,  protruded  from  the  surface  of  the  now  coIoutIcb 

•P  y  V  (?-i         ocll  (fig,  3^),    The  result  of  this  ox[)^riraent  led  Briicl* 

^^  Vy^         to  distingui^fh  the  coloured   contents  of  the  ct^ll  (iwiO 

Fig- ^t..— Effect       from  its  colourless  stroma  iavttidy     When  applied  to  tb 

of  b«irirucid.         nou- nucleated  mammalian  corpuscle  its  effect  merely  i^ 

semblca  that  of  other  dilute  adds. 
Ilvat.—lihi-  cffi^.*t  of  lieflt  up  to  50*— 60*  C.  (120"— 140^  F.)  fa  to  cause tbe 
format  ion  i»f  a  nunilxrr  of  bud-Iikc  proccist*LS  (\\^.  ll^y* 

Kit  ft  fit- it  if  caum'S  the  re^t  hlooi  J -corpuscles  tn  bcconw 
«  »i  ^  creniit^Hl,  and  at  length  mulberry^ike*  Finally  they  re- 
g^    r   5^        covrr  Tlii'ir  round  form  and  become  quite  jj*ile. 

^^ 

w  i?«  4  i       The  ColDurleBs  Corpuscles, — In  huiuau  blood 

Fig.  337  -Effect  uf  11  1  , 

hoat.  tlii*    white    or    coloiirlcHS   corpusclca    or   ifurw^ta 

(wht'U  Jit  rest)  arc  iiciirly  spherical  masses  of  grtmu- 

lar   pn)toi>liif4iri.      hi  idl  eases  otie  or  more  iiudei   exiiit  in  each 

coi-ptisclo.     Tho   si/c   of  tlie  oorpusdcM  vanes  coosititTably,  but 

avcrajzos  ..  ..Vfr  *>f  *tij  inch  (10/;*)  in  diuiuctur. 

Ill  health,   tht^  priij^ortioii  of  white   to   tied  corpiistdc«,  wluch. 
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ll^Aii  averoge,  m  about  i  to  500  or  600,  varies  cousiderab]j 
^K  tbe  eoume  of  the  aame  day.  The  vartatioiiB  appear  to 
■a  ahl££y  oti  the  amount  and  probablj'  aUo  ou  the  kind  of 
Etolkeill  J  the  number  of  leucocytes  ia  generally  iucr eased  by  a 
[  and  dimioiahed  by  fastiug.     Also  in  young  persoiiSj  durmg 

Eauey,  aud  after  great  I0&3  of  bloody  there   is  a  larger  pro* 
ti  i>f  colourleB8  blood-eorpusclea.     In  old  age,  on  the  other 
I,  tlietr  [import ion  in  diminished, 

firirii'rji. — The  colourless  corpiujcles  pre^ut  greater  divermtiea 
|9*in  than  the  rt-'d  tnwa.  Two  chief  varieties 
lo  be  Heen  in  huniati  blood ;  one  of  which 
ftiiia  a  considerable  numl>er  of  coarse  gran- 
,  ai^d  the  other,  which  is  pa!er  and  less 
(iilar,  contains  several  nnclei  united  by  fine 
lids  of  chn^niatiu^ 

be  gratndc^  of  these  cells  have  an  ai!inity 
|cid  aniline  dyes  like  eosin.  They  are  there- 
bpoken  of  tis  oj'^pkile  or  posijtophile.  The 
I  granules  of  the  coarsely  granalar  cells  are 
^more  deeply  stained  by  eosin  than  the 
Hb  of  tbo  tinety  granular  cellt$.  The  hitter 
mtc  by  far  the  most  numerous  ;  the  coarsely 
blar  cells  only  eonipriiie  about  5  per  cent 
\e  totiil  number  of  leucocytes.  In  siae  the 
it  ions  are  great,  for  in  most  specimens  of 
I  it  is  poEisible  to  make  out,  in  addition  to 
mil  si5;e*l  varieticH,  a  number  of  smaller  cor- 
tea,  consisting  of  a  laige  spherical  nucleus 
Itinded  by  a  variable  nnioutit  of    more  or 

Fnular  protoplasm.  These  small  corpus- 
the  undeveloped  forms  of  the  others,  and  are  derived 
e  cells  of  the  lymphatic  glands  ;  they  are  called  fympho- 
K  fourth  variety  of  leucocyte  is  the  hyaline  corpuscle,  in 
lEt>toplasm  of  which  there  are  no  granules.  They  have  a  single 
Mis.  Very  rarely  fMsophile  cells  {*'.c*,  cells  whose  granules 
an  affinity  for  basic  aniline  dyes  like  methylene  blue)  aro 
fl,  Tfic  nnclcus  of  all  these  varieties  of  cells  is  basophile. 
mcBbold  Movemont.^-Th©  remarkable  property  of  the 
irless  corpuscles  of  a|KintancoU8ly  changing  their  shape  was 
demonstrated  by  Wharton  Jones  in  the  blood  of  the  skate, 
drop  of  blood  is  examined  with  a  high  power  of  the  micro- 
Bi,  tinder  conditions  by  which  hjss  of  moisture  is  prevented, 
at  the  same  time  the  tempenitui*e  is  maintained  by  a  warm 
I  &t  about  that  of  the  body,  37°  (*,  (98*5°  F,),  the  colourless 
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blood  -  cor|3fuicl» 
OiCted  on  bjr  rnm^ 
ai'id  ;    the  tiutilcii 
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corpuscles  will  be  obaerved  slowly  to  alter  their  ahapei,  aod  to 
send  out  processes  at  various  parts  of  their  circumfereBce.  IV 
amoeboid  movomeiit^  which  can  be  demonstrated  in  human  cohan^ 
less  blood-corpuscles,  can  be  more  readily  seen  in  newt's  blood. 

The  full  consideration  of  ameboid  movement  is  given  od  p,  i^ 
An  interesting  variety  of  amteboid  movenient  ia  that  which  k 
to  the  ingestion  of  foreign  particles.  This  gives  to  the  leucocjttt 
their  power  of  taking  in  and  digesting  bacilli  {jf>ha(iocytmi$y   Tie 


Healthf  baciUiu  ^- 


PartUdly  diflrewted  lem^ocyt*^ 


Foreiro  matler 


liCUQOcyteii 


_...-._,l'iirti<?lei4  of  fwrvtgzi  milter 
^ ^^^PrtTliiilvw  of  funrie^n 


Fig.  vi9— Mscroptiag**!  i^otitnininfr  bacilli  uid  otlier  «tructar««  mppcwed  to  be  wAo' 
going  (ligwtUm.    (Ruffer.) 

niulti-nucleated,  finely  granular  corpuscles  are  the  mobt  vigprcus 
phagocyte!!*.  The  acconipjmyiiig  tigiire  illustrates  this;  the  cells 
represented,  however,  arc  not  kncocjtea,  bnt  the  large  auMPboid 
cells  found  in  connective  tissuewi  especially  in  inflamed  pftrti 
(Sec  also  p.  269.) 

The  process  of  tmnjmlhn  of  the  leucocytes  is  descnbed  m 
1>.  268. 

Action  fif  jRm*7enfs  on  (fte  foltjifrletfs  cf/rptt^ie$.^Wat^  iiAMm 
the  corptisclt-a  to  swell  and  their  nuclei  to  become  apparent 
Acftic  acid  (i  per  cent.)  has  a  similar  action  ;  it  also  causes  the 
granidcs  to  aggregate  round  the  nucleus  (fig.  338).  Dilvit 
alkali  a  produce  sweWing  a\\<\  Wtu\.\\\«  o\  \\v^  <iwt^\\ad«A. 
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The  Blood-Platelets. 

Besides  the  two  principal  varieties  of  blood-corpuscles,  a  third 
Idnd  has  been  described  under  the  name  blood-platelets  (Blut- 
pidichen).     These  are  colourless  disc-shaped  or  irregular  bodies, 
much  smaller  than  red  corpuscles.    Different  views  are  held  as  to 
their  origin.     At  first  they  were  regarded  as  immature  red  cor- 
puscles ;  but  this  view  is  discarded.     They  may  be  disintegrative 
products  of  white  corpuscles ;  some  state  that  they  are  merely  a 
precipitate  of  nucleo-proteid  which  occurs  when  the  plasma  dies 
or  is  cooled.    There  is,  however,  no  doubt  that  they  do  occur  in 
living  blood. 

Enumeration  of  the  Blood- Corpnaclefl. 

Several  methods  are  employeil  for  counting  the  blood-corpuscles  ;  most  of 
them  depend  upon  the  same  principle,  i.e.y  the  dilution  of  a  minute  volume 
of  blood  with  a  given  volume  of  a  coloarless  saline  solution  similar  in 
ipecific  gravity  to  blood  plasma,  so  that  the  size  and  shape  of  the  cor- 
pnscles  is  alt(»ed  as  little  as  possible.     A  minute  quantity  of  the  well- 
mixed  solution    is    then    taken,  examined  under  the   microscope,  either 
in  a    flattened    capillary    tube    (Malassez)    or    in    a    cell    (Hajem    k 
Nachet,  Gowers)  or  known  capacity,  and  the  number  of  corpuscles  in  a 
measured  length  of  the  tube,  or  in  a  given  area  of  the  cell,  is  counted. 
The  length  of  the  tube  and  the  area  of  the  cell  arc  ascertained  by  means  of 
a  micrometer  scale  in  the  microscope  ocular:  or  in  the  case  of  Gowers' 
modification,  by  the  division  ef  the  cell  area  into  squares  of  known  size. 
Having  ascertained  the  number  of  corpuscles  in  the  dilntetl  blood,  it  is 
easy  to  find  out  the  number  in  a  given  volume  of  normal  blood. 

Oowers*  H€tma4!ytomrtn'  consists  of  a  small  pi|)ettc  (a),  which,  when 
Blled  op  to  a  mark  on  its  stem,  holds  995  cubic  millimetres.  It  is 
^mished  with  an  india-rubber  tube  and  gla»s  mouth-piece  to  facilitate 
llHxig  and  emptying;  a  capillary  tube  (b)  marked  to  hold  5  cubic 
millimetres,  and  also  furnished  with  an  india-rubber  tube  and  mouth- 
piece ;  a  small  glass  jar  (d)  in  which  the  dilution  of  the  bUxxi  is  performed  ; 
•  Slass  stirrer  Ce)  for  mixing  the  blood  and  t>alt  solution  thorouglily  :  (F)  a 
needle,  the  length  of  which  can  l>e  regulated  by  a  screw  :  a  brass  htage 
>late  (c)  carrying  a  glas.^  slide,  on  which  is  a  cell  one- fifth  of  a  millimetre 
^eep,  and  the  bottom  of  which  is  divided  into  oni-teut)i  millimetre  squares. 
^H  the  top  of  the  cell  the  cover-glass  rests.  A  >taiulai"d  saline  solution 
>t  sodium  sulphate,  or  similar  sail,  of  siKH.-itic  Lrravity  1025.  is  made,  and 
>95  cubic  millimetres  are  mcasureil  by  means  of  the  pi])ette  into  the  gla-ss 
iar,  and  with  this  live  cubic  millinietn'*;  of  bl<N>d,  obtained  by  prickinjr 
ihe  finger  with  the  needle,  and  measurt^l  in  th**  capillary  pii>eTte  (^B),  are 
Thoroughly  mixed  by  the  glass  stirring-rod.  A  drop  of  this  (liluttHl  bUxxl  i!> 
:hen  placed  in  the  cell  and  covereti  with  a  eover-glajjs.  which  i^  fixed  in 
>isition  by  means  of  the  two  lateral  -iprinj^*.  The  layer  of  diluted  blu«:<l 
i)ctween  the  slide  and  ojver-glass  is  \  millimcti-c  thi<'k.  The  prepai-atioii  is 
hen  examined  under  a  niicn»*co|K;  with  a  jnjwer  of  al>out  400  diameten?, 
ind  ffjcuft»ed  until  the  lino  dividing  the  cell  into  s<juaif*i  are  visible. 

After  a  short  delay,  the  re<l  coq>uscIe>  which  have  sunk  to  the  ly^ttom  of 
he  cell  and  are  nsting  on  the  *juan:^.  are  counted  in  ten  siuare-.  and  the 
lumber  of  white  corpuscles  notecl.     By  addinir  toLrethcr  the  iiuml>cr>  counted 
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in  ten  (one- ten tb  millimeiL'e)  equares,  and,  »  the  blood  htm  been  dUsted, 
mtiJtipIjiiig  by  ten  thoa^tBiid,  the  number  of  crtrpuscles  in  otjc  cubic  arflji. 
tuetre  qf  blcKid  i«  obtniried.  Tbe  average  UDmbor  of  eorputtcles  per  fubk 
millimetre  of  healthy  blood,  aci'ordinf^  to  Vierortit  and  Wul<!ker,  in  5,000/iai 
in  adult  men,  And  4,500,000  in  wnnicii  ;  this  ci^m^sponds  t^  fku  turtrvftftf 
50  and  45  corpuftcles  respectively  j>er  &tiuare  of  Gowets*  instrument. 

A  h^mBcvtometer  of  anotbcr  form,  and  one  that  is  much  tise^l  &i 
present  time,  is  known  as  the  Thoma-Zeiss  hieraacy  to  meter*     It  cofiabii  ..1  • 
caTefuHy  graduat^i  pipette,  in  which  thedilutini)  of  the  blood  i^done ;  i^ii 
is  so  fui-med  that  the  cftpillttry  stem  has  a  csjwcity  eqoaniiig-  one-himdmSii 
of  the  bulb  above  it.    If  the  blood  i&  drawn  up  In  the  capiib^y  tube  ^  tl|, 


Tig.  540.— Hi»in*c7totnettr.    (Oom'cn.) 


line  mmked  1  {\\g.  342)  the  saline  solution  may  afterwards  be  drawn  ti|i 
the  stem  to  the  line  tOl  ;  In  this  way  we  have  loi  pattfl,of  which  tbp  blodd 
forms  I.  As  the  contents  of  the  ateni  can  be  d  is  placed  unmixed  ivc  ahill 
have  in  the  mixture  the  proper  dilution.  The  bloijd  and  the  saline  RohiioQ 
are  well  mixed  by  shaking  the  pipette^  in  the  bulb  of  which  i£  coiiCfliiMjdA 
small  glass  beafifor  the  purpose  of  aiding  the  mixing.  The  other  jwrt  nf 
the  in^itrament  conBists  of  a  glass  slide  (6^.  341)  upon  which  is  moiJiiti-fl 
a  covered  disc,  w^  accurately  ruled  so  m  to  pre^jent  one  square  millimett© 
diTided  into  400  squares  of  one- twentieth  of  a  mi Lli metre  each.  The  rnkK* 
meter  thus  mnd«>  is  surrounded  by  another  annular  cell,  fj  which  faaiaadii 
height  a?i  to  make  the  cell  project  exactly  one-tenth  miliimetfe  beyond  m. 
If  a  drop  of  the  dilute^i  btood  is  placed  npon  m,  and  e  k  oovered  wit&ft 
fjerfectly  flat  euver-glase,  the  volume  of  tha  diluted  bJood  alsove  eacL  of  tbe 
squarts  of  the  micromiiLer,  L/^.^  above  each  ^^  will  be  |^  of  a  cubic  miUh 
metre.  An  average  of  ten  or  more  squares  are  then  taken,  and  this  nimha 
miilH}jlied  by  4000  x  100  gives  the  number  of  corpuscles  in  a  cubie  milli- 
metre of  undiluted  blood. 
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[kfge  Oliyer^et  Hcemacjtometer  i&  a  much  esaier  InBtrument  to  use, 

results  obtAlned  &7c  Accumte ;  k  doc  a  not  enable  ooe,  bowe^er,  to 

the  proportion  of  red  and  wbite  corpast'Ics*    A  small  measured 


FSff.  34t. 
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an 
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of  hJ.  M  tl  i-  taken  Op  into  a  pipette  und  washed  out  into  &  graduated 
te^t^tilie  with   Hajem'fl    fluid    (sodium    chloride    o'5  gramme, 

olpbatc  o'as  gt-,,  corroeire  sublimate  0^25  gr., 

w*ler  100  c,c-)*    The  gratluatlons  of  the  tube  p. 

pitted  that  with  normal  blood  {i.f.^  blood  coft-  ^*  ^^"* 

1,000,000  r^  corj^uBcltif^  per  cubic  millitnetre} 

of  a  ftinall  wax  cnndle  phiLxHl  thi^e  jnrd»  from 

Q  a  dark  nxiTj**  is  juat  vieiblf  as  a  thin  bright 

n  looked  at  through  the  tube  held  e<igewara 

the  fini^ei^T  and  Qllcd  up  to  the  100  mark  with 

fluid.    If  Ihenttmber  of  corpuscles  is  leas  than 

eia  of  the  dilutini^  solution  is  required  before 
is  trtinsmittccl  ;  if  more   than  normal,  more 

Jitti'jii  is  nect^aHarjr,     Tb6  gmdiiatiniis  of  the 

respond  to  percentJi^es  of  the  normal  sUi^Klard 

taken  as  too. 


opment  of  the  Blood-Corpuselea. 

first    formed    blood  -  corpuscles   of    the 
embrj'o    ditiiir  much   in   their  gieoonil 

Efrom  those  which  belon^^  to  the  later 
iiitrH-iit^rioe,  and  to  all  periods  of 
etine  life.  Their  manuer  of  origin  is 
ferj  simple. 

unding  the  early  embryo  is  a  circular 
led  the  vftscubir  area,  in  whicJi  the  first 
ts  of    the  blood -veftfcjels  and   blood-cor- 
ire  developed.     Here  tlie  niadeated  em~ 
cells  of  the  mesoblast,  from  whieh  the 
isels  and  corpuscles  are  to  tie  formed, 
t  processes  in    various  directions,  and 
ining  together,  form  an  irregular  niesh- 
The  nuclei   increase  in  number,   and   collect  chiefly    in 
sr  roaases  of  protoplasm,  but  partly  also  in  the  processea, 
aclei  gather  around  them  a  certiiin  amount  of  the  proto- 
oid,  becoming  coloured,  form  the   red  blood  corpuscles* 
x>plasm  of  the  cells  and  their  branched  uetwork  in  which 
rposcles  lie  then  be^iome  hollowed  out  into  a  ay  stem  of 
nclosiog  fluidj   in  which  the   red    nucleated    corpuscles 


Fig^4i4nd44j,-. 
HjaouicftoiiKtor. 
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float.  The  corpuscles  at  first  are  from  about  ^^nr  ^  vin  ^ 
an  inch  (lo/ui  to  i6/i)  in  diameter,  mostly  spherical,  and  with 
granular  contents,  and  a  well-marked  nucleus.  Their  nodd, 
which  are  about  ^oW  ^^  *^  ^^^^  (SM)  *^  diameter,  are  centnl 
and  circular. 

The  corpuscles  then  strongly  resemble  the  colourless  coqnisdM 

of  the  fully  developed  blood,  but  are  coloured.     They  are  capaUe 

of  amoeboid  movement  and  multiply  by  division. 

^    When,  in  the  progress  of  embryonic  development^  the  liver 

ybegins  to  be  fornieid,  the  multiplication  of  blood-cells  in  the  whole 

mass  of  blood  ceases,  and  jieff.JJfiQda£idl&.£jre^produced  by  thn 


/"• 


Fig.  U3.— Furt  of  the  netwi>rk  of  de\Tlopiii|r  blood-vrmeln  in  the  tawular  areft  cf  • 
fhiinoa-pisr.  ^^  bhx^l-corpnscloo  be<NniniDg  f n>e  in  an  enlarged  and  hoUowed-cnt  put 
of  the  n«»twork  :  a.  pntrossi  of  prntoplaion.    (E.  A.  Scfaifer.) 


onrmu  and  also  bv  the  lymphatic  glands,  thymus  and  spleqi 
Ihese  are  at  tirst  ct^lourless  and  nucleatecl,  bill'  afterwards  acqaue 
the  onlinary  bkvxl-tinge,  and  resemble  very  much  those  of  the 
lin>t  s^ot.  Thov  alsi^  nmltiply  by  division.  In  whichever  way 
pnxhicod.  huwovor,  whether  from  the  original  formative  cells  (rf 
the  enibrvo,  i>r  bv  the  liver  and  the  other  organs  mentioned 
above,  those  CDloureil  nueleated  cells  begin  very  early  in  foetal  life 
to  be  niinirleii  with  coloured  ito/i -nucleated  corpuscles  resembling 
those  of  the  adult,  and  at  al>out  the  fourth  or  fifth  month  of 
embr\-onio  existence  are  completely  replaced  by  them. 

Origin  of  the  Matured  Coloured  Corpuscles. — The  non- 
nucleated  reil  c^-^rj^uscles  may  jK)ssibly  be  derived  from  the  nucle- 
ated, but  in  all  prol^ability  are  an  entirely  new  formation.     Their 
chief  origrin  is  : — 
I     From  Ml*  mfJuUa  •»▼  '--n^. — ^V\  \\«kft  Vseei^  %Wkw.  thai  coloured 
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ill  'to  a  very  lai^e  extent  derived  during  adult  life 
™n  tlic  large  pitle  Qielli  in  the  re<l  m*im>w  of  bone^  especially  of 
rh ese"'ggjS*^>egom e  coloured  from  tlie  forma tlbn  of 
chieflv  in  one  piirt  of  their  proloplfism.  This  coloured 
""fftim  the  fefft  of  the  cell  and  forms  a  red 
le,  being  at  fii'Bt  enp-shiipedy  but  soon  taking  on  the  nomial 
appeftmnce  of  the  mature  corpiiaclo.  Mingled  with  the  amoeboid 
ooIoiirleBs  marrow  celb  (p.  59)  are  a  number  of  other  smaller 
aiua^boid  celle  called  en/throbhsf«  {fig,  346) ;  these  are  tinted  with 

IbwQooglobin  ;  they  divide  and  multiply »  lose  their  nucleus,  and 
Ire  tliua  tOina formed  into  dit^€i>id  blood- cor puscleS' 
'     /Voift  M*  ttisti^  of  the  $pUen. — It  is  probable  that   coloured  as 


■n 


tiwae  of  It  iiffW-btflTi  imt.     A,  b  ct'll  (.  : 
pmtodlanD  \  k\  one  eontainin^  col  oil 
^B        ef>U  OUed  with  isokmn^  i^libuJ^H  of  u. 

■di^ 


t  it^ue  p«ilD .    From  tht  «i  itHnitoooouB 
innfrloliiTi  iti  II  dMyn^d  form  m  tbe 


~tl 
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well  aa  colourless  corpuscles  may  be  pi-odviccd  in  the  spleen  from 
lis  similar  to  the  erythroblasts  of  rei^  marrow. 
The  t>elief  which  formerly  prevuiled   that  the  red  corpuidea 

re  derived  from  the  white  or  from  the  platelets  has  now  been 

iacarded. 
Durinfj  ftrtjil  life  and   possibly  in  ^ome  animals,  r^g.  tlie  rat^ 
which   arc  born   in  an   immature  condttioii,  for  some  little  time 
after  birth,  the  blooci  disca  have  been  stated  by  Scbafer  to  arise  in 
tlje  connecttvc  tisane  cells  in  the  following  way*      Small  globules, 

if  varying  fesJKe,  of  colouring  matter  ariiiC  in  the  protoplasm  of 
the  cells  (fii^.  344)t  and  the  cells  themselves  become  luianched, 
their  branches  joining  the  hi*auches  of  similar  cells.  The  cells 
next  become  vacnolated,  and  the  red  globides  are  free  in  a  cavity 
filled  with  fluid  (Hg,  345) ;  by  the  extension  of  the  cavity  of  the 
oella  into  their  processes  anastomosing  vessels  are  produced, 
which  ultimately  join  with  the  previously  existing  vessels,  and 
tbe  globules,  now  having  the  size  aiid  appearance  of  the  ordinary 
re^i  corpuscles,  are  passed  into  the  general  circulation.  This 
method  of  formation   is  called  inlracdhdur.     Without  doubt,  the 
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red   corpuBcle^    have,   like   all  other  parl«  of   the   org&idiOk,  i 

tolerably  defiuite  term  of  ejcistenee^  and  in  a  liJie  mriutier  dJeatid 
waste  away  when  the  jx^rtion  of  work  allotted  to  them  haa  hem 
performed*     Neither  the  length  of  their  life,  however,  uor  ibe 

f^hioLi  of  their  docaj  \m 


i\ 
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beeu  yet  clearly  tHAde  oiil. 
It  ia  generally  believed  thftt 
a  eerta.in  number  of  tine 
coloure*!  corpusd^  t^ld€^ 
go  disint^egratioii  in  tlw 
spleen  i  and  indeed  ccv^ 
pLiscles  in  various  degree* 
of  degeneratioD  have  licen 
obaer^^ed  in  that  organ. 

Origin  of  the  WHt€ 
Corpus^sles. — -The  hjithiip 
corpuscles  are  derived  from 
the  lymphocytuii  which  anf 
formed  in  the  lymphatic 
glands,  and  enter  the  blood* 
stream  by  the  tlxorat-ic 
duct. 

The  finely  granular  ]«a< 
coeyte®  which  are  the  most 
numerous  white  corpusclen 
in  the  hlood  originate  eithej 
in  the  esame  way,  or  by  c^l] 
divi&iou  in  the  blood -8tre»Mti 
it»elf. 

The     ooaraely    gmnu]^ 

eoainophile   corpuscle^, 

which  form  about  5   per  cent,  of  the  t^jtal  leucocytes  111  nornjaj 

blood,  are  found  hi  larger  numbers  in  the  connective  timue  in 

varioua  parts  of  the  body;  they  are  found  in  special  abuiidnnoe  in 
red  mam>w,  in  which  at  one  time  they  were  supposed  to  original. 
But  they  do  not  aeem  to  be  eicl naively  formed  here,  Smaa  lm\ 
upon  each  eotiiuuphile  corpuBcle  as  a  little  unicellular  glimd,  «y 
the  £iM4JS3  of  corpuscles  ua  a  migrat^ory  gkudular  tmuB. 


Fiff.  J45.— Tuttht«r  ^eTclopiment  of  blood-Car- 
ptuuiee  m  «jiiu**ttvp  tiiu«u«  oells  and  tmnm- 
fofilwUoGLuf  tV  1  '*  .  ■^itocapiUaiy  bUwtd- 
ven«la,  n.in  LI  vjth  ^  csvity  in 

tfaepmtopbii'in  iluftliiTiflbybUiiKl- 

eorpiiMJi!^  vlui  ii  ni*  ^itLt  ri^ubul&r  ^  t.  a  imU 
Icpw  ci?ll.  the  aiAck'Uit  of  whidi  haa  vaaHlinik^. 
The  Dr«  ^tid^i  mrc  Atrmnlrcd  HrooiiJ  the 
Willi  of  tb*  cftvity,  the  CDrpu^ln  in  whidi 
h»vf^  no*  bpcome  diwuid  ;  f^  showp  Uic  modf 
of  iinidD.  of  »  "  hn'mapoiftic  "  ctll*  whie^b. 
m  UiiM  iotftfuwe,  cout^n^  unly  out!'  rurpuwks 
Vith  tlM  ptoJflDfKltoll  {AJ>  fKf  a  pnTvioiialv' 
exifituw  t&mJ  ;  a  uid  t^  froin  th«  nvw-bom 
itut;  bifiDta  tbef«»eiiliib««p.  (B,  A,  Sdiifer.j 
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Chdmistry  of  the  Blood-Ck>rpu8ole8. 

The  white  blood  oorpuscles. — Our  chemical  kuowledge  of 
the  whit«  corpuscles  is  small.  Their  nucleus  consists  of  nuclein, 
their  cell-protoplasm  yields  proteids  belonging  to  the  globulin  and 
nucleo-proteid  groups.  The  nuclco-proteid  obtained  from  them  is 
not  quite  the  same  thbig  as  fibrin-ferment  (thrombin) ;  it  is  pro- 
bably the  zymogen  or  precursor  of  the  ferment  {prothronilnn); 
the  action  of  the  calcium  salts  of  the  plasma  in  shed  blood  is 
to  convert  prothrombin  into  thrombin  (see  p.  398).  The 
protoplasm  of  these  cells  often  contains  small  quantities  of  fat 
and  glycogen. 

The  red  blood  oorpusoles. — 1000  parts  of  red  corpuscles 
contain : — 

Water 688      parts. 

Solids /P'Sa^^^. 30388     .. 

\  Inorganic 812     „ 

One  hundred  parts  of  the  dry  organic  matter  contain — 

Proteid 5  to  12  parts. 

Haemoglobin 86  to  94     ., 

Lecithin r8     „ 

Cholesterin o'l     ., 

The  proteid  present  is  identical  with  the  nucleo-proteid  of  white 
oorpuscles.  The  mineral  matter  consists  chiefly  of  chlorides  of 
potassium  and  sodium,  and  phosphates  of  calcium  and  magnesium. 
In  man  potassium  chloride  is  more  abundant  than  sodium 
chloride ;  this,  however,  does  not  hold  good  for  all  animals. 

Oxygen  is  contained  in  combination  with  the  haemoglobin  to 
form  oxyhsemoglobin.  The  corpuscles  also  contain  a  certain 
amount  of  carbonic  acid. 

HsBmoglobin  and  OxyhsBmoglobin.  — The  pigment  is  by  far 
the  most  abundant  and  important  of  the  constituents  of  the  red 
corpuscles.  It  is  a  substance  which  gives  the  reactions  of  a 
proteid,  but  differs  from  other  proteids  in  contahiiug  the  element 
iron,  and  in  being  readily  crystallisable. 

It  exists  in  the  blood  in  tw^o  conditions  :  in  arterial  blood  it  is 
combined  loosely  with  oxygen,  is  of  a  bright  red  colour,  and  is 
called  oxyhcemoglobin  ;  the  other  conditic^n  is  the  deoxygenated 
or  reduced  hajnioglobin  (better  called  simply  luonioglobin).  This 
is  found  in  the  blood  after  asphyxia.  It  also  occurs  in  all  venous 
blood — that  is,  blood  which  is  rcturninir  to  the  heart  after  it  has 
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BUp plied  the  tissues  with  oxygen.  Venous  blcK>d,  howevir^  &linijt 
contains  a  eousiderable  qimntity  of  oxyhmmogLobip  also.  Hituno 
globin  is  the  o^tygen-cjirrier  of  the  lx>dy,  aud  it  may  be  adM  & 
respiratory  pigment,* 

Crystals  of  oxyhajraoglobm  t  may  be  obtained  with  resdioeai 
from  the  blood  of  Huch  animals  as  the  rat,  guinea-pig,  or  dog; 
with  difficulty  fn>m  other  animals  sueh  as  man,  ape,  and  mait 
of  the  common  mammata*  The  following  methods  are  tfae 
best  :— 

I,  Mix  a  drop  of  defibrtnated  blood  of  the  mt  on  a  slide  witli  i 

dliop  of  wat^r ;  put  on 
a  cover-glass  ;  in  a  fcv 
minutas  the  corpusdei 
are  rendered  oolourleai, 
and  then  the  oxyhnemev 
globin  crystallises  oot, 
from  the  solution  go 
formed, 

2.  MicFoscopical  ipo- 
eiuiena  may  &ko  bi* 
made  by  Stem's  method, 
which  (xiDsiste  in  using 
Canada  balsam  ingted 
of  water  iu  the  fore^ 
ing  experiment. 

J.  On  a  larger  Boa^ 
crystals  may  be  obtained 
by  mixing  the  blood  with 
one-sixteenth  of  ita  volume  of  ether ;  the  corpuscles  dissolve  and 
the  blood  assumes  a  hdy  appearance.  After  a  period  varying 
from  a  few  minutes  to  days,  abundant  crystak  arc  dcp<isited. 

In  nearly  all  animals  the  crystals  are  rhombic  prisms  (fig*  347); 
but  in  the  guinea-pig  they  are  rhombic  tetrahedra,  or  foiir-aided 
pyramids  (fig.  348)  ;  in  the  squirrel  and  hamster,  hexagcwul 
plates  (fig.  349), 

The  crystals  contain  a  varying  amonnt  of  water  of  erystaUi- 


*  from  buniAn  blood. 


*  In  the  blood  ot  mvmehiwAm  anltnils  lweiilfljj|fl^  h  somt^dmes  IouihI 
bttt  uaimUy  in  the  plAstna.  not  in  spdetiJ  oorpuntBit  Swnetitiics  it  ik  replflorl 
oy  other  i^spinitoTy  pigments,  Buch  us  the  green  one,  chlorocniorin.  fmm\ 
in  certain  worma^  and  the  blue  one,  hMmoeysnin,  found  in  maaf  md- 
Inscs  and  craatacea,  Chlorocryoha  containa  iron  ;  bsmocjanin  contnins 
copper, 

f  Crystals  of  hsemoglobin  can  al«o  be  f>btained  by  carrying  out  the  oyiyil- 
iaatiqn  in  an  atmosphere  free  from  oxygen. 


lute  varioualy 
at  Toughlj  they 
same  as  m  tbe 
On  afldiiig  an 
Ukali  to  hsL^mo- 
k  broken  u|> 
►  partH — a  browu 
i  called  Atemadn, 
DaUtins  all  tlie 
be  original  8\ib- 
[ftocl   a    proteid 

itdn  is  not  crya- 
|e ;    it    haB    the 

>e-Sejler),     or 
E^iFeOa    (Nencki 

Sber) ;  ite  couati- 
[  formula  18^ 
rr,  not  kiTowti, 
bin  presents  dif- 
spoctroscopic  ap- 
cea  in  acid  and 
e  aolutioiis  (see 
;  plate). 
^A  somewhat 
&teid ;  it  is 
b!e  by  heat,  solu- 
idilute  acids,  and 
Iftble  from  such 
ns  by  fimniottia. 
lelj  resembles  a 
ince  previously 
ied  from  md  corpnaclea  by  Kossel;  aud  termed  by  him 
.      (Schulz.) 

moebromogen  is  sometimes  called  red  need  hiematin  ;  it 
e  formed  by  adding  a  reducing  agent  like  ammonium 
Le  to  an  alkaline  solution  of  hEematin.  Its  absorption 
im  shown  on  the  accompanying  plate  (No.  8),  forms  the 
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Im'sI  spL'ctn)s<H)]»ic  test  U)r  Mood  pigment;  the  sus^pected  pigniem 
is  dissolved  in  i)ot;isli  nnd  iinmioniinii  sulpliidi?  added,  Vm- 
dilute  sj)eciniens  show  the  absorption  bunds,  espeoiany  the  one 
midway  between  \J  and  E.  'J^ 

HflBmin  in  of  great  importance,  as  the  obtaining  of  tbk  tdkT 
stance  forms  the  best  chemical  test  for  blood.  Haemin  cI7lta^ 
sometimes  called  after  their  discoverer  Teichm&rm's  crystalfi,  an 
composed  of  hydrochloride  of  heematin.  They  may  be  pnepuil 
for  microscopical  examination  by  boiling  a  fragment  of  diiol 
blood  with  a  drop  of  glacial  acetic  acid  on  a  ^lide  ;  on  cooljuf 
triclinic  plates  and  prisms  of  a  dark  brown  colour^  afteo  in  itiir 
shaped  clusters  and  with  rounded  angles  (fig*  350),  sepiiili 
out. 

In   the  case  of  an  old  blood  stain  it  is  necessary  to  aJil « 


•«>^ 
^ 


'.ail' 


Pig.  35o.~H8einin  crystals.    (Frey.) 


crystal  of  sodium  chloride.  Fresh  blood  contains  sufficient  sodium 
chloride  in  itself. 

The  action  of  the  acetic  acid  is,  (i)  to  split  the  hfemogloliin 
into  hwmatin  and  globin  ;  and  (2)  to  evolve  hydrochloric  ^ai 
from  the  sodium  chloride.  The  hiematin  unites  with  the  hydr^ 
chloric  acid  and  thus  hajmiu  is  formed.  The  formula  for  biemin,  likt 
that  of  luumatin,  is  variously  given.   Momer  gives  C^H^K|FeC10,. 

HsBmatoporphyrin  is  iron-free  htematin  ;  it  may  be  prepared 
by  mixing  blood  with  strong  sulphuric  acid  ;  the  iron  la  taken 
out  as  fen-ous  Hulphatc.  This  substance  is  also  found  sometimes 
in  nature  ;  it  occurs  in  certain  invertebrate  pigments,  aod  mav 
also  be  foun<l  in  certain  fonns  of  pithologieal  uriue,  Evea 
normal  urine  contains  tniccs  of  it.  It  presents  different  spectro- 
scopic appearances  according  as  it  is  dissolved  in  acid,  nentrul  or 
alkaUne  media.     The  absorption  spectrum  figured  (No.  9)  is  that 

acid  hjeniatoporphyrin. 

HflBmatoidin. — This  substance  is  found  iu  the  form  of 
yellowish  red  crystals  (ti«r.  351)  in  old  blood  extravasations,  and 
is  derived   from   the   hiemoglobin.      Its  crystalline  form   aud  the 
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reaction  it  gives  with  fuming  nitric  acid  shows  it  to  be  closely 
allied  to  Bilirubin^  the  chief  colouring  matter  of  the  Bile,  and  on 
analysis  it  is  found  to  be  identical  with  it. 

Like  hsematoporphyrin,  hsematoidin  is  free  from  iron.  These 
two  substances  are  not  identical  {e.g.,  heamatoidin  shows  no 
spectroscopic  bands)  ;  they  are  probably  isomeric. 


Compounds  of  HsBmoglobin. 

Haemoglobin  forms  at  least  four  compounds  with  gases  : — 

With  oxygen         .        .        .{i:S"^S:-tbt- 

With  carbonic  oxide .        .    .     3.  Carbonic  oxide  haemoglobin. 

With  nitric  oxide  .        .        .4.  Nitric  oxide  haemoglobin 

These  compounds  have  similar  crystalline  forms;  they  each 
probably  consist  of  a  molecule  of  haemoglobin  combined  with  one 
of  the  gas  in  question.  They  part  with  the  combined  gas 
somewhat  readily  ;  they  are  arranged  in  order  of  stability  in  the 
aboye  list,  the  least  stable  first. 

Oxyhsemoglobin  is  the  compound  that  exists  in  arterial 
blood.  Many  of  its  properties  have  been  already  mentioned. 
The  oxygen  linked  to  the  haemoglobin,  which  is  removed  by  the 
tissues  through  which  the  blood  circulates,  may  be  called  the 
respiratory  oxygen  of  haemoglobin.  The  processes  that  occur  in 
the  lungs  and  tissues,  resulting  in  the  oxygenation  and  de-oxy- 
genation  respectively  of  the  haemoglobin,  may  be  imitated  outside 
the  body  using  either  blood  or  pure  solutions  of  haemoglobin. 
The  respiratory  oxygen  can  be  removed,  for  example,  in  the 
Torricellian  vacuum  of  a  mercurial  air-pump,  or  by  passing  a 
neutral  gas  like  hydrogen  through  the  blood,  or  by  the  use  of 
reducing  agents  like  ammonium  sulphide  or  Stokes'  reagent.* 
I  gramme  of  haemoglobin  will  combine  with  i*6  c.c.  of  oxygen. 

If  any  of  these  methods  for  reducing  oxyhoDmoglobin  is  used, 
the  bright  red  (arterial)  colour  of  oxyhiemoglobin  changes  to  the 
purplish  (venous)  tint  of  haemoglobin.  On  once  more  allowing 
oxygen  to  come  into  contact  with  the  ha>moglobin,  as  by  shaking 
the  solution  with  the  air,  the  bright  arterial  colour  returns. 

These  colour-changes  may  be  more  accurately  studied  with  the 
spectroscope,  and  the  constant  j>osition  of  the  absorption  bands 


*  Stokes'  reagent  must  always  be  freshly  prepareil  ;  it  is  a  sohition  of 
tcROUB  sulphate  to  which  a  h'ttle  tartaric  acid  has  been  added,  and  then 
ammonia  till  the  reaction  is  alkaline. 
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seen  constitutes  an  important  test  for  blood  pigment.     It  will  be 
first  necessary  to  describe  briefly  the  instrument  used. 

The  Speotrosoope. — When  a  ray  of  white  light  is  puntd 
through  a  prism,  it  is  refracted  or  bent  at  each  surface  of  the 
prism ;  the  whole  ray  is,  however,  not  equally  bent^  but  it  ia  sjdit 
into  its  constituent  colours,  which  may  be  allowed  to  fall  on  a 
screen.  The  band  of  colours  beginning  with  the  red,  paBsing 
through  orange,  yellow,  green,  blue,  and  ending  with  violet,  is 
called  a  9pectrum  :  this  is  seen  in  nature  in  the  rainbow.  It  may 
be  obtained  artificially  by  the  glass  prism  or  prisms  of  a  spectro- 
scope. 

The  spectrum  of  sunlight  is  interrupted  by  numerous  dark  lines 
crossing  it  vertically,  called  Frauenhofer's  lines.  These  are  per- 
fectly constant  in  position  and  serve  as  landmarks  in  the  spectrom. 
The  more  prominent  are  A,  B,  and  C,  in  the  red ;  D,  in  the 
yellow  ;  E,  6,  and  F,  in  the  green ;  G  and  H,  in  the  violet. 
These  lines  are  due  to  certain  volatile  substances  in  the  solar 
atmosphere.  If  the  light  from  burning  sodium  or  its  compounda 
is  examined  spectroscopically,  it  will  be  found  to  give  a  bright 
yellow  line,  or,  rather,  two  bright  yellow  lines  very  close  together. 
Potassium  gives  two  bright  red  lines  and  one  violet  line ;  and  the 
other  elements,  when  incandescent,  give  characteristic  lines,  but 
none  so  simple  as  sodium.  If  now  the  flame  of  a  lamp  is 
examined,  it  will  be  found  to  give  a  continuous  spectrum  like 
that  of  sunlight  in  the  arrangement  of  its  colours,  but  unlike  it 
in  the  absence  of  dark  lines  ;  but  if  the  light  from  the  lamp  is 
made  to  pass  through  sodium  vapour  before  it  reaches  the 
spectroscope,  the  bright  yellow  light  will  be  found  absent,  and  in 
its  place  a  dark  line,  or,  ratlier,  two  dark  lines  very  close  together, 
occupying  the  same  position  as  the  two  bright  lines  of  the 
sodium  8})ectrum.  The  sodium  vapour  thus  absorbs  the  same 
rays  as  those  which  it  itself  produces  at  a  higher  temperature. 
Thus  the  D  line,  as  we  term  it  in  the  solar  spectrum,  is  due  to 
the  presence  of  sodium  vapour  in  the  solar  atmosphere.  The 
other  dark  lines  are  similarly  accounted  for  by  other  elements. 

The  large  form  of  spectroscope  (fig.  352)  consists  of  a  tube  A, 
called  the  collimator,  with  a  slit  at  the  end  S,  and  a  convex  lens 
at  the  end  L.  The  latter  makes  the  rays  of  light  passing  through 
the  «lit  from  the  source  of  light,  parallel :  they  fall  on  the  prism 
P,  and  then  the  spectrum  so  formed  is  focussed  by  the  telescope  T. 

A  third  tube,  not  shown  in  the  figure,  carries  a  small  trans- 
parent scale  of  wave-lengths,  as  in  accurate  observations  the 
position  of  any  point  in  the  spectrum  is  given  in  the  terms  of  the 
corresponding  wuvc-lengths. 
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If  we  now  interpose  betwoeu  the  Bource  of  light  and  the  slit  S 

a  piece  of  coloured  glass  {H  id  fig,  352),  or  a  eolution  of  a  colovired 
iub^Uince  contained  in  a  veHstU  with  parallel  nideti  (the  ha3tiiati> 
ioope  of  Merrmanu),  the  tipectnim  is  fotmd  to  be  uo  longer 
eontmiiQus,  but  is  mtemipted  by  a  number  ol  dark  shadows,  or 
abmfrpikm  ^ofidi  corresponding  to  the  light  absorbeti  bj  the 
ooloufed  medium.  Thus  a  solution  of  oxjha^moglobin  of  a  certain 
itreDgth  givea  two  bands  between  the  D  and  E  LineB;  haemoglobin 
giireft  only  one ;  and  other  red  solutions,  though  to  the  naked  eye 
similar  to  ojtjhiemoglobiii,  will  gire  characteristic  bands  in  other 
positiofig. 

A  isonvenient  form  of  small  spectroscope  is  the  dirtet  m^ian 


ipectromop^^  in  which,  by  an  arrangement  of  alternating  prisms  of 
crown  and  flint  glass,  the  spectrum  is  observed  by  the  eje  in  the 
ume  line  as  the  tube  furnished  with  the  sht^indeecl  slit  and 
prisms  are  both  contained  in  the  same  tube. 

Ln  the  examination  uf  the  spectrum  of  small  coloured  objects 
t  combination  of  the  microscope  And  direct  vision  spectroscope, 
oalled  the  fmero-f/wctroscope^  is  used. 

The  neit  figure  illustratcK  a  method  of  representing  absorption 
apeotra  diagrammatical ly.  The  solution  was  examined  in  a  layer 
I  ceutiinetrc  thick.  The  bajse  line  has  on  it  at  the  proper  dis- 
tinoes  the  chief  Frauenhofcr  lines,  and  along  the  right-hand 
«dge8  are  percentages  of  the  aniount  of  oxyhemoglobin  present 
in  I,  of  hjemoglobin  in  IL  The  width  of  the  shadings  at  each 
level  represents  the  position  and  amount  of  abHorption  corre- 
apaoding  to  the  pereeutages. 

The  characteristic  spectrum  of  oxyhemoglobin,  as  it  actually 
appears  through  the  spectroscope,  is  seen  in  the  aceompanjing 
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colourt'd  plate  (spectrum  2).  There  nre  two  distiuft  ali»orpikm. 
bancla  Ixjtween  the  I>  and  E  lines  ;  the  one  nean^^it  to  D  (t**^  ' 
baud)  is  uArrower,  darker,  and  has  better-defined  c^iges  tbiui  Ui« 
other  (the  ^  band)*  As  will  be  seen  on  looking  at  ti^.  3531 
solution  of  oxyhflBinoglobin  of  concentration  greater  than  0*6; 
per  c«nt.  and  lesii  than  0-85  per  cent.  (examineU  m  n  ecH 
the  usual  thickneHa  of  i  eeutimetre)  gives  one  thick  Imnd  oter*^ 
lapping  both  D  and  }\  and  a  stronger  solution  only  leta  the  re^ 
light  through  between  C  and  I).  A  soLutiou  wKJob  gives  tl^^ 
two  characteristic  barda  must  therefore  be  a  dtlutii  one,     Tbt 


flff,  3H'-^***l 


io  NpnaenUtionn  vf  Qa  uncHunt  of  «lMafptioa  of  Uffbt 


tiw  uaDunt  of  ahtekptiaa 


iim 


one  band  (y  band)  of  heemoglobm  (spectnim  3)  i«  uf»t  so  well 
defined  m  the  a  or  /)  bands.  On  dilution  it  fades  rapidly,  so  thai 
in  a  solution  of  such  strength  that  both  hands  of  oiyba^moglohtii 
would  be  quit*  distinct  the  single  band  of  ht&mtigloliin  haa  di*- 
Appeared  from  view.  The  oxyliajmogbbin  haudd  cau  be  db- 
thiguiahed  in  a  solution  which  contains  only  one  part  of  the 
pigmont  to  1 0,000  of  water,  and  even  in  more  dUutc^  ioltitjixii 
which  aeem  to  be  oolourlesi  the  a  band  is  still  visible. 

Haemoglobin  and  Its  compotiuds  also  show  abtsorpLion  btuds  in 
the  ultra-violet  i>ortion  of  the  spectrum.  This  |Mjrtic>ii  of  th§ 
spectrum  is  not  visible  to  the  eye,  but  can  be  rendered  vjaibit 
by  alio  wing  the  sp^trum  to  fall  on  a  flaoresoent  screen,  or  oa  a 
sensitive  photc^raphic  plate.  In  order  to  show  absorptlau  Uuida 
in  this  part  of  the  sj»ectnim  wry  dilute  wolutiona  of  the  pi^- 
CQ0nt  must  be  used. 
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Ojcjheemoglobin   shows  a  hand  {Soret's  band)    between   the 
litiea  G  and  H.     In  htemoglobin,  cftrbonic  oxide  hasraoglobin*  and 
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^^'  355»^rb© plujt<igriip}jiu  spectnun  of  oxyhiK'incg'Iobia  smt  m»Htb(PiTi(*g-E-i1'jn 

citric  oxide  bcemoglobin,  this  band  is  mther  nearer  G,     Metbie 
'^«jy:lobin  and  ha&matoporpbjrin  show  similar  bands. 
^  We  owe  most  of  our  knowledge  of  tbe  **  photograph ie  spec* 
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trum  "  to  Prof.  (:raiiigee,  through  whose  kindness  1  am  enabled 
to  present  reproductions  of  two  of  his  numerous  photogr&phs 
j[fig8.  354  and  355). 

MethSBmoglobin. — This  may  be  produced  artificially  in  various 
ways,  as  by  adding  potassium  ferrioyanide  or  amyl  nitrite  to  blood, 
-^^^d  as  it  also  may  occur  in  certain  diseased  conditions  in  the 
V>urine,  it  is  of  considerable  practical  importance.  It  can  be 
crystallised,  and  is  found  to  contain  the  same  amount  of  oxygcu 
as  oxyhsemoglobin,  only  combined  in  a  different  way.  The  oxygen 
is  not  removable  by  the  air-pump,  nor  by  a  stream  of  neutral  gas 
like  hydrogen.  It  can,  however,  by  reducing  agents  like  am- 
monium sulphide,  be  made  to  yield  hsemoglobin.  Methsemoglobin 
is  of  a  brownish-red  colour,  and  gives  a  characteristic  absorption 
band  in  the  red  between  the  C  and  D  lines  (spectrum  7).  In 
dilute  solutions  other  bands  can  be  seen. 

Potassium  ferric vanide  is  the  most  coarcuient  re-agent  for  making 
mothaBmoglobin.  It  is,  however,  necessary  to  mention  that  it  produces 
another  effect  as  well,  namelj,  it  causes  an  evolution  of  gas,  if  the  blood 
has  been  previously  laked  by  the  addition  of  an  equal  quantity  of  water. 
This  gas  is  oxygen  ;  in  fact,  all  the  oxygen  combined  as  oxyhjemoglobin  is 
discharged,  and  this  may  be  collcctecl  and  measured ;  the  addition  of  a 
small  amount  of  sodium  carbonate  to  the  blood  is  necessary  to  prevent  the 
evolution  of  any  carbonic  acid.  This  discharge  of  oxygen  from  oxyhjemo- 
globin is  at  first  sight  puzzling,  because,  as  just  stated,  methsemoglobin 
contains  the  same  amount  of  oxygen  that  is  present  in  oxyha?niogli>bin. 
What  occurs  is  that  after  the  oxygen  is  discharged  from  oxyhsmoglobin, 
an  equal  quantity  of  oxygen,  due*  to  the  oxidising  action  of  the  re-agentF 
addedf  takesi  its  place  ;  this  new  oxygen,  however,  is  combined  in  some  way 
different  from  that  which  was  previously  united  to  the  hasmoglobin. 
(Haldane.) 


Carbonic  oxide  hsemoglobin  may  be  readily  prepared  by 
passing  a  stream  of  carbonic  oxide  or  coal  gas  through  blood  or 
through  a  solution  of  oxyhoQmoglobin.  It  has  a  peculiar  cherry- 
red  colour.  Its  absorption  spectrum  is  very  like  that  of  oxj- 
heomoglobin,  but  the  two  bands  are  slightly  nearer  the  violet  end 
of  the  spectrum  (spectrum  4).  Reducing  agents,  like  ammonium 
sulphide,  do  not  change  it;  the  gas  is  more  firmly  combined 
than  the  oxygen  in  oxyhajmoglobin.  CO-hcemoglobin  forms  ciys- 
tals  like  those  of  oxyhfemoglobin.  It  resists  putrefaction  for  a 
very  long  time. 

Carbonic  oxide  is  given  off  during  the  imperfect  combustion  of 
carbon  such  as  occurs  in  charcoal  stoves  or  during  the  explosions 
that  occur  in  coal  mines :  it  acts  as  a  powerful  poison  bj 
combining  with  the  hsemoglobin  of  the  blood,  and  thus  inter- 
feres with  normal  respinitory  processes.     The  bright  colour  of  the 
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blood  in  both  arterial  und  veins  and  its  reaistanoe  to  reducing- 
ttgents  arc  in  such  cases  characteristic* 

Nitric  Ojdde  Haemoglobiii* — When  ammotiitt  ia  aijded  to 
blocMi,  and  then  a  ^tr«am  of  nitric  oxide  passed  through  it^  thiB 
uompouud  is  formed.  It  may  be  obtained  in  crystals  isomorphons 
with  oxy-  and  CO-htcmoglobin,     It  also  has  a  similar  spectrum* 


—  ''t  ^-iHM^.*-    ^._^^^.- 


i 


I 


Fig.  3S^'— Hi^moglubiaoiiiet4sr  of  Dr.  Oowm, 


It  is  even  more  stable  than  CO-h«emoglobin ;  it  has  no  practical 
intereat,  hut  ia  of  theoretical  importance  as  completing  the  series. 

Bohr  Ijtas  adv.itii*LHl  a  theory  that  bsstti&^lobiii  furms  a  compound  w!th 
cftrbonic  acid,  iiiid  timt  there  nre  tiameroas  oxyh£^iTi<>gir»bina  con  tain  ing^ 
diffei^nt  amounts  of  nxygon,  but  hb  views  hare  not  been  accepted. 

M«tlnxatlon  of  H»moglobtn.— The  most,  eiact  method  is  by  the  estiroa- 
tion  of  the  amount  of  iiMii  (dry  hjcniof^lobin  confaininp:  -42  per  cent  of  iron) 
lit  the  aah  of  a  ^iven  specimen  of  blood,  but  as  this  la  a.  somewhat  complicat^id 
prooees,  variona  color! metric  methoils  have  been  prrvpmpd  which^  though  not 
10  exact,  hare  the  ad  vantage  of  simplicity, 

O^rwvn'A  HflBmofflobiiiom©ter,^The  ftppaTufeua  (fig^*  356)  c>onmst^  of  two 
gUaa  tubcftof  the  same  si^ie.  One  contains  glyeeriiie  jelly  tintt^  with  carmine 
to  a  fitandarri  colour.— vk.  that  of  aormal  blood  diltited  icx>  times  with 
distilled  water.  The  linj^r  Ia  pricked  and  20  ctibie  mi  Hi  met  real  of  blood  an- 
ioeftsured  out  by  the  c-sipillary  pipette,  B,  This  is  blown  oot  into  ibe  other 
tuba  and  diluled  with  distilled  water,  ai^lderl  drop  by  drop  fmm  the  pipetti; 
ftupfier  of  the  bottle'  A,  until  the  tint  of  the  diluted  blood  reaches  the 
ttandard  colour.  This  tube  is  jipi^uated  into  ic5o  parts.  If  the  tint  of  the 
diluted  blood  Is  the  same  m  the  standard  when  the  tube  is  filled  ufi  to  the 
ffttidtiatiou  ioo»  the  citmtiiity  of  oxylisemo^Iobin  in  the  blood  isi  noi  iJvaU  If 
It  has  to  be  diluted  more  hirgely,  the  oxyhiemoglobin  is  in  excess ;  if  to  u 
smaller  extent » it  ia  less  tlmfi  normal.     If  the  hldfHj  lia.s  for  inatancet  to  be 
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diluted  up  to  the  graiiuation  50,  the  atnouAt  of  hmmogi&lnxi  i^  only  half  vbat 
it  ooght  to  be— 50  per  cent,  of  the  normal— nod  ms  lot  otber  peraentigei 
Von   FlelaeM^fi   Hfemoiiietsr. — The  apparatus  (fi^.  357}  cmuuiM  ql  1 

stand  beariti^  n  white  rc! fleeting  HtirfActt  (S)  and  a  platfornL  Under  ih^ 
platform  i»  n  alot  cQ^rrymg-  a  ^l^^s  wedge  »tainad  red  (K)  mnd  moTcd  bj  1 
wheel  (R),  On  tbe  pUtfonn  la  a  ftmoli  cylindrioal  vwael  divided  Tertioil; 
Intd  two  eom  part  men  tft,  a  and  (t\ 

Fill  with  a  pipette  the  compaTtment  a'  ord!-  the  wed^  with  distilled 
Fill  abcHit  a  quarter  of  the  other  compartment  fn)  with  distilled 


1^]:^.   ....     !■- 


I 


Prick  the  fiii|E:cr  and  fiU  tht  &hort  rajnilary  pipette  proTided  witii  \ht 
instrument  with  blood,  DJBfliilve  thia  in  ih-  v,  uter  in  compartmeut  #^  md 
All  it  np  with  diatilled  water 

Baying  arnmged  the  reflector  (8)  to  thTfyw  at'ltjicial  light  verticallj  Ihroagh 
both  coaipartments,  look  down  through  them,  and  move  the  wedfa  of  ^m 
by  tlie  mille*l  head  (T)  until  the  colour  of  the  two  is  identicai  E^ad  off  thi 
scale,  which  i^  m  t^mstruet^d  as  to  give  the  j>erceutage  of  h^moglob^ 

Dr.  0eorffA  OllTe^'e  Sethod  con-sistA  ia  comparing  a  flpecimen  of  bkni 
suitably  diluted  in  a  j^hiiUovy  white  palette  with  jl  number  of  ata&daid  testis 
very  careiully  prepared  by  the  use  of  Lovibomi's  coloured  glaaaea.  Jbas: 
ataudardH  are  much  better  matches  for  blnod  in  various  degreca  of  diJutjoii 
than  in  the  other  colorimetTic  Qietboils.  Tbe  yellow  tint  of  diluted  beiLO— 
globin  is  very  liQocesafuUy  imitated. 

Teats  for  Blood- — These   may  be  gatfiered  from  preeiding^ 

descriptions.  Briefly,  they  are  microscopic,  tspectroacopie,  i&d 
chemicnl.  The  bc«t  chemical  test  is  the  formation  of  hmmiji 
crystals,  The  old  tetst  with  tincture  of  guaiacum  and  hydrogen 
peroxide,  the  blood  causing  the  red  tincture   to  baftome  greeo, 
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^  s  very  untrustworthy,  ii.s  it  is  also  giwn  by  UKiny  other  organic 
^substances. 

In  medioo-legal  cases  it  is  often  necessary  to  ascertain  whether 
^r  not  a  red  fluid  or  stain  upon  clothing  is  or  is  not  blood.  In 
^suiy  such  case  it  is  advisable  not  to  rely  upon  one  test  only,  but 
-fto  try  every  means  of  detection  at  one's  disposal.  To  discover 
^^rhether  it  is  blood  or  not  is  by  no  means  a  difficult  problem, 
"ftmt  to  distinguish  human  blood  from  that  of  the  common  mam- 
-^noals  is  practically  impossible. 


CHAPTER    XXVIl. 

THK    ALIMENTARY  CANAL. 


Thk  alimentary  canal  consists  of  a  long  muscular  tube  lined 
%y  mucous  membrane  beginning  at  the  mouth,  and  terminating 
^  the  anus.  It  comprises  the  mouth,  pharynx,  oesophagus, 
Momach,  small  intestine  and  large  intestine.  Opening  into  it  are 
iDomerous  glands  which  pour  juices  into  it ;  these  bring  about 
^e  digestion  of  the  food  as  it  passes  along.  Some  of  the  glands, 
like  the  gastric  and  intestinal  glands,  are  situated  in  the  lining 
mucous  membrane  of  the  canal ;  others  like  the  salivary  glands, 
liver,  and  pancreas,  are  situated  at  a  distance  from  the  main 
^»uial,  and  pour  their  secretion  into  it  by  means  of  side  tubes  or 

^QCtS. 

The  events  that  take  place  in  the  alimentary  canal  are,  (i) 

^iffeitiofiy  that  is  the  conversion  of  the  food   into  soluble  sul> 

stances;  and  (2)  absorption^  that  is  the  passage  of  these  soluble 

materials  into  the  blood  or  lymph  in  tlie  vessels  of  the  wall  of 

tbe  canaL 

Digestion  is  a  series  of  chemical  actions  produced  by  the 
<iige8tive  juices  on  the  food.  We  shall  therefore  have  to  study 
"•fce  composition  of  the  food  as  a  preliminary  to  the  consideration 
^f  their  digestion.  In  addition  to  chemical  processes,  there  are  a 
^Umber  of  mechanical  actions  such  as  mastication,  deglutition, 
Poristakis,  which  we  shall  reserve  for  u  separate  chapter. 

In  the  present  chapter  we  shall  take  tlie  structure  of  the 
^timentary  canal,  reserving,  however,  a  detailed  study  of  the 
^^nds  until  we  consider  the  action  of  their  secretions. 
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The  Mouth. 

This  cavity  is  lined  by  a  mucous  membmue  oouHtBting  o!  t 
corium  of  fibrous  tist^ue  with  numerous  patches  of  lympluid 
tissue  in  it^  especially  in  the  posterior  regions  ;  and  an  epitheliutt 
of  the  stmt i tied  variety  closely  resembling  the  epidermis.  Tlit 
surface  layem^  like  those  of  the  epideruiia,  are  niade  of  bomj 
scales.  Opening  into  the  mouth  are  a  large  number  of  Uttk 
mucous  glands,  and  the  salivary  glands  pour  their  secretion  ioto 
the  mouth  also.  The  teeth  {p.  70)  have  been  previously  studied 
The  tongue  will  be  considered  later  in  connection  with  taste. 


The  Pharynx. 

That  portion  of  the  alimentary  canal  which  intervenes  between 
the    mouth    and    the    oesophagus   is   termed    the   Pharynx,    ll 
is  constructed  of  a  series  of  three  mus- 
cles   with    striated    fibres     (constrictors), 
which  are  covered  by  a  thin  fascia  ex- 
ternally, and  are   lined  internally  by  a 
strong    fascia    (pharyngeal   aponeurosis), 
on  the  inner  aspect  of  which  is  areolar 
(submucous)    tissue    and    mucous  mem- 
brane, continuous  with  that  of  the  mouth, 
and,  as   regards   the   part   concerned  in 
swallowing,  is  identical  with  it  in  general 
structure.     The  epithelium   of  this  part 
of  the  pharynx,  like  that  of  the  mouth, 
is  stratified.     The  upper  portion  of  the 
])harynx   into   which    the   nares  open  Ik 
lined  with  ciliated  epithelium. 
The  pharynx  is  well  supplied  with  mucous  glands. 
Between  the  anterior  and  posterior  arches  of  the  soft  palate  are 
situated  the  Tonsils,  one  on  each  side.     A  tonsil  consists  of  an 
elevation  of  the  mucous  membrane  presenting  12  to  15  ori6ces, 
which  lead  into  crypts  or   recesses,  in  the  walls  of   which  ar« 
placed  nodules  of  lymphoid  tissue  (fig.  359).     These  nodules  are 
enveloped  in  a  less  dense  adenoid  tissue  which  reaches  the  mucous 
surface.      The  surface  is  covered  with  stratified  epithelium,  and 
the  corium   may  present  rudimentary  papillce  formed  of  adenoid 
tissue.      The   tonsil   is  bounded    beneath  by   a    fibrous  capsule 
(fig.  359,  4).     Into  the  crypts  open  the  ducts  of  numerous  niuotww 
glands. 


Fig.  358.— Lingual  follicle  or 
crypt,  a,  involution  of 
raucous  membrane  with 
its  papillae ;  6,  lymphoid 
tissue,  with  several  lym- 
phoid nodules.    (Frey.) 
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The  (Esophaoub  or  Gullet, 

The  OCsophagufr  or  Gullet,  the  narrowest  portion  of  the  ali- 
entary  enualj  is  a  muacular  tube,  nine  or  ten  iuches  in  length, 
rliich  exteuds  from  the  lower  end  of  the  phaiyiix  to  the  cardiae 
ifice  of  the  stomach. 

Strjtctvre. — The  oesophagus  is  made  up  of  three  coats — via., 
ba  out-er,   mujM^lar ;    the  middle,  mtlmnicmi^i ;    and    the    inner, 


'M^i 


,^J^. 


[  TunifLn 


— 1  <f 


^-J 


Wf.  15^— VtirtJcBj  WK^^/m  through  &  et>^t  af  tjic  homftii  tooKl.  i,  eiitmtf?^  Ut  tbe  trnA ; 
i  uad  ^,  the  fmuievark  of  ndenotd  tiwue^  4*  the  imolOKiii^  flbroiu  tisnue;  n  nnd  *, 
IjFmphuid  Dodiilea ;  5  and  6,  Mmjd-Tee»ete,    (fiilihr.) 


mutom.     The  musetdar  ooat  is  covered  eiteraally  bj  a  varying 

wnoinit  of  loose  fibroiie   tissue.     It  is  compoBed  of  two  layery 

tit  fibres,    the   outer    being   arranged    longitudinally,    and    the 

inner  circularly,      At  the  upper  part  of  the  cesophaguB  this  coat 

III  made  up  principally  of  atriate<i  muscle  fibres  ;  they  are  oon* 

ftinuons  with  the  constrictor  musclcB  of  the  pharynx  ;  but  lower 

[down  the  un striated  fibres  become  more  and  more  numerous,  and 

lis  the  end  of  tlie  tube  form  the  entire  coat     The  muscular 

is   connected    with    the  mucous  coat    by   a  more  or  less 

d#Telopod  layer  of  areolar  tinj^ue,  which  forms  the  Rufimueoug  coati 

in  which  are  contained  in  the  lower  half  or  third  of  the  tube  many 

mucous  glands,  the  ducts  of  which,  passing  through  the  mucous 

membrane,  open  on  its  surface  (fig.  360).     Separating  this  ooat 

from  the  mucous  menil>nine  proper  is  a  well-developed  layer  of 
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loQgitudinally  arranged  imstriated  nitisctef  called  the 
m^v^scB,     Tbe  coriuin  of  the   mucous  membiuELe  h  oooEi| 
fine  cotjucctive  tissue,  which,  towards  the  surface,  is  elevated 
papillic.     It  is  covered  with  a  stratified  epithelium,  of  wfc 


/.;■.....■•        - 


^0^Jm€> 


F%.  j6q. — BMlkm  of  tile  umooiii  ionabAoe  and  ^iibtoucriui  mmt  of  tlie^ « 

moBt  superBcial  layers  are  squamoua*    Tiie  epitheUum  is  armJ'^ 
upon  a  baaemeut  membraue. 

In  new1j-l>oru  children  the  connin  eihibitB,(in  many  parU^ 

structure  of  lymphoid  tiii^uc  (Kkin). 

Til  a  Stomach. 

In  mttu  and  thoaa  Mammalia  winch  are  pj*a¥ided  with  tk  sii 
alomftoh,   it   coDtiists  of   a   dilatation  of  the  alimentary 
placed  between  and  coutiiiaous  with  the  op^phagiia,  which  mm^^ 
its  larger  or  cardiac  end  on  the  one  hand,  and  the  small  ic* ' 
tine,  which  oommeQces  at  its  narrowed  end  or  pylorus^  on 
other.     It  varies  in   shape   and   %km  acoarding  to  its  stai*^ 
distension. 
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diructure. — The  tstomaoh  is  composed  of  four  coats,  called 
raBpectiyely — (i)  an  external  or  peritoneal,  (2)  muscular,  (3)  sub- 
mucous, and  (4)  mucouK 
coat;  with  blood-vessels 
lymphatics,  and  nerves 
distributed  in  and  be- 
tween them. 

(i)  The /TmtofMo/ coat 
has  the  structure  of  serous 
membranes  in  general. 
(2)  The  muscular  coat 
consists  of  throe  sepa- 
rate layers  or  sets  of 
fibres,  which,  according 
to  their  several  directions, 
are  named  the  longitu- 
dinal, circular,  and  ob- 
lique. The  longitudinal 
set  are  the  most  super- 
ficial: they  are  continuous 
with  the  longitudinal 
fibres  of  the  ODsophagus 
and  spread  out  in  a  di- 
verging manner  over  the 
cardiac  end  and  sides  of 
the  stomach.  They  ex- 
tend as  far  as  the  pylorus, 
being  especially  distinct 
at  the  lesser  or  upper 
curvature  of  the  stomach, 
along  which  they  pass  in 
several  strong  bsmds.  The 
uext  set,  the  circular  or 
transverse  fibres,  are  most 
abundant  at  the  middle 
and  in  the  pyloric  portion 
of  the  organ,  and  form 
the  chief  part  of  the  thick 
{ttojecting  ring  of  the 
pylorus.  They  are  con- 
tinuous with  the  circular 

Uyer  of  the  intestine.  The  deepest  set  of  fibres  aro  the  ohlufoe, 
OQotinuouB  with  the  circular  muscular  fibres  of  the  oesophagus: 
^hey  are  comparatively  few  in  number,  and  are  found  only  at  the 


? 
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Fig.  361.— ij'rom  a  vortioal  aection  through 

COU8  membrane  of  the  cardiac  end  m.  stomach. 
Two  glandii  are  uhown  with  a  duct  common  to 
both,  a,  duet  with  columnar  epithelium  be- 
coming ahorter  att  the  cell*  are  traced  down- 
ward ;  «,  neck  of  gland  tubes,  with  ci^ntml  and 
parietal  cells ;  \  fundus  with  curved  ccecal  ex- 
tremity—the parit.'tal  (tUh  are  not  so  numerous 
here .     ( Klein  and  Noble  Smith. ) 
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cardiac  portion  of  the  stomach  ;  they  form  a  sphincter  immud  tW 
cardmc  orifice.  The  muscular  :^hres  of  the  stomaah  and  of  tin 
intestinal  canal  are  vnistriated^  being  compcMied  of  elatigit4id« 
spindle-sliaped  tibre-cells* 

(3)  The  si^mumu^  cofif  consiata  of  loose  areolar  tisAtie^  wbicb 
connects  the  muscular  coat  to  the  mucous  niembraue.  It  ix/a^ 
tajna  hkKxi -vessels  and  nerves ;  in  the  contracted  atate  of  the 
stomach  it  is  thrown  into  Dumerona,  chieflj  longitudinal,  fokii 
or  rugeCj  which  disappear  when  the  organ  ia  distended. 

(4)  The   mucmis^  manhrane  is   composed  of   a   corium  of  fine 
connective  tissue,  which  approaches  closely  in  structure  to  adeiioic}  I 
tissue  ;  this  tissue  supports    the   tubuliir   glanda   of   which  thtj 

superBciMl  and  chief  part  of 
mucous  membrane  is  comp 
and    passing    up   between 
assiata  in  binding  them  together,] 
The  glands  are  separated  frooij 
the  rest  of  the  mucous  memb 
by  a  very  fine  homogeneoiia  bnafeJ 
ment  membrane.     The  corium  i^ 
covered  with  a  layer  of  columii^l 
epithelium,   which   fsaases   doim 
into  the  mouths  of  the  gknde. 

At  the  deepest  part  of  tlje 
roucous  membrane  are  two  thio 
layera  (circuUir  and  loogilndioa^i 
of  unstriped  muscular  fibres,  called  the  nmBcnlarii  m^sm^ 
which  separate  the  nmcoua  membrane  from  the  scanty  submucoc^ 
tlaaue. 

When  examined  with  a  lens,  the  internal  or  free  surface  of  thte^ 
stomach  presents  a  peculiar  honeycomb  appearance,  produced  bv 
shallow   polygonal    depressions,    the    diameter   of   which   variefc*. 
general  1 J  from  ^^th  to  ^-Jtt*'**  ^^  ^"  "i*^^  (about  125^);  but  wet^c- 
the   p J  lor  us  is  aa  much  as  ^rtrth  of  an  inch   (25o>x).     In  tb^^ 
bottom  of  these  little  pita,  and  to  some  extent  between  thet».^ 
miuute  openings  are  visible,  which  are  the  orifices  of  the  ductus  c^^fc 
] icrpendicularl  V  arranged  tubular  glands  (fig.  361),  imbedded  ^tL^J 
i>y  side   in    sets    or    bundles,    on    the   surface   of    the   mticoii^s 
membrane,  and  comiwsing  nearly  the  whole  structure. 

The  glands  of  the  mucous  membrane  are  of  two  varieties, 
(a)  Cardiac,  {b)  Pyloric. 

(a)  Cardiac  glands  are  found  throughout  the  whole  of  tht 
cardiac  half  and  fundus  of  the  stomach.  They  are  arranged  m 
groups  of  four  or  five,  which  are  separated  by  a  fine  conneatsTe 


Fi|r*  363>— TmnMverae  section  (Jirtnifrh 
lower  part  of  candiiMr  gU^ds  of  «  <*!* 
fit  paxwtal  cellA;  ^t  centnd  cieUa; 
f,  tmosTonte  wHion  of  qnpUliuiw. 
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Two  or  tbrce  tubes  open  into  one  duct,  which  forms  nlxiut 
I  of  the  whole  length  of  the  tube  and  ojiens  on  the  surface. 
acta  are  lined  with  columnar  epithelium,  Of  the  gland- 
ymp^fj  Le^  the  part  of  the  gland  below  the  duct,  the  upper 
m  the  ftfc^  and  the  reBt  the  bof/i/.  The  neck  is  narrower 
ihe  body,  and  is  lined  with  coarsely  granular  polyhedral 
rhich  are  continuous  with  the 
tiar  celk  of  the  duct  Between 
sella  and  the  basement  nietn- 
of  the  tubes,  are  large  oval 
Brical  C4;ll«,  opatiue  or  granular 
earaiice,  with  clear  oral  nuclei, 
Lg  out  the  basetneut  membrane ; 
cells  are  called  parittal  cdli, 

do  not  form  a  continuous 
The  body,  which  is  broader 
the  neck  and  terminates  In  a 
eitremity  or  fundus  near  the 
liaris  mucoBj^,  is  lined  hy  cells 
mous  with  the  central  cells  of 
*;k,  but  longer,  more  cohimnar 
more  transparent  In  this 
kre  a  few  parietal  cells  of  the 
kind    as    in    the   neck   (fig. 

Pyloric  Glandi.  - — These  gl  and  a 
63)  have  much  longer  ducts 
ho  cardiac  glands.  Into  each 
two  or  three  tubes  open  by 
iliort  and  narrow  neeka,  and 
)dy  of  each  tube  is  branched, 

and  oonvoluted.  The  lumen 
[e.  The  ducts  arc  liued  with 
nar  epithelium^  and  the  neck 
granular  cubical  cells,  which 
if  the  cardiac  glands*  As  they  approach  the  duodenum  the 
|lands  become  larger,  mom  convoluted  and  more  deeply 
They  are  directly  continuous  with  Bruuner's  glands 

duodenum. 

ftp Aa«ic*.— Lymphatic  vessels  surround  the  gland  tubes  to 
fcter  or  less  extent  Towards  the  fundus  of  the  cardiac 
\  are  found  maaaes  of  lymphoid  tissue^  which  may  appear  as 
3t  foUides,  iomewhat  like  the  solitary  glands  nf  the  small 


irUind*.  t,  f»e  nirfaGe ;  d^  ducta 
of   pflom  j|lius4>;   «,  node  of 

WKme ;  fit,  m  gland  ftlvecill  ; 
mm,  mil  Jicitlaria  nmenw^  ( KleDi 
imd  Noble  t^mltli. ) 

and  body  with   shorter  and 
correspond  with  the  central 
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Blood-vessels. — The  blc»od-vesgels  of  the  stomacli,  whidi  ftnt 
break  up  in  the  sub-muooim  tissue,  aend  branch ea  upwaxd  betveei 
the  closely  packed  glandular  tubes,  anastomosing  around  them  b^- 
means  of  a  fine  capillary  network,  with  oblong  nae&h««,  Coih 
tinuous  witb  tbb  deeper  plexus,  or  prolonged  npwardi  from  it,  ii 
a  more  superficial  network  of  lai'ger  capillaries,  which  braitd 
densely  around  the  orificea  of  the  tubesj  and  fonn  the  framewdi 

on  which  are  moulded  the 
small  elevated  ridges  of  ma- 
cous  membraiie  bounding  the 
minute,  polygonal  pits  befoi^ 
referred  ta  From  thijB  winptt- 
Jkial  network  the  Teius  cbi^j 
take  their  origin.  Thence  pui^ 
ing  down  between  the  tubes 
with  no  very  free  connectioD 
with  the  deeper  int^-i^dAdaf 
capillary  plexus,  they  opeo 
tinally  into  the  venous  netwoi^ 
in  the  sub-mucous  tissue  (% 
364). 

Nerves. — ^The  nerves  of  the 
stomach  are  derived  from  the 
pneumogaatric  and  sympa- 
thetic, and  form  two  plexuses, 
one  in  the  sub-muoous  and  the 
other  between  the  muscular 
layers. 

These     plexuses     are     con- 
tinuous with  those  which  occur 
in  the  same  situations  in  the 
intestine,  and  which  we  sliall  again  refer  to  there. 


Fig.  364.— Plan  of  the  blood- veisselii  of  the 
iitomach,  as  they  would  be  seen  in  a 
Tertical  section .  «,  arteries,  patwi og  up 
from  the  vetisels  of  submucous  coat : 
ft,  capiUaries  branching  between  and 
around  the  tubes ;  c.  superfidiil  plexus 
of  capillaries  occupying  the  ridges  of 
*        ifoi       ' 


the  mucoun  membrane ;  <f ,  vein  formed 
by  the  union  of   veins  which,  havi" 
collected  the  blood  of  the  superflc 
e  seen  pas^ii 
(Brinton.) 


capillary  plexus,  are  seen  passing  down 
between  the  tubes.     "^  ' 


Thb  Intbstinbs. 


The  Intestinal  Canal  is  divided  into  two  chief  portions,  named, 
from  their  differences  in  diameter,  the  small  and  large  intestine. 
These  are  continuous  with  eaxih  other,  and  communicate  by 
means  of  an  opening  guarded  by  a  valve,  the  ileo-cascal  valve, 
which  allows  the  passage  of  the  products  of  digestion  from  the 
small  into  the  large  bowel,  but  not,  under  ordinary  circumstances, 
in  the  opposite  direction. 

The    Small    Intestine. — The    Small   Intestine,  the  average 
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of  ivhieh  bi  an  adult    is   about    tweuty  feet,    hm 

ivided,  for  con  lenience  of  deacriptiou,  into  tbree  portions,  viz-» 

be  duodtnumi  which  ei tends  for  eight  or  ten  inches  beyond  the 

^lorus;    the  Jtjunu^  whieh   forms  two-fifths,  and    the   Ufum, 

itueh  forms  three-fifths  of  the  rest  of  the  eanal- 

Structwre. — -The  small  intestiae,  like  the  stomach,  is  constructed 


/^^^=^ 


Hi^Hn^^thtt* 


of     four    ooate,    tIs*,    the   Herousi    muscular,    sub- mucous,    aiad 

(1.)  The   MTcm*  coat  is  foitned  by  the  visoeral  layer  of   the 

peritoneum,    and    has   the   structure    of    serous   membranes   in 
geneiB^L 

(2,)  The  mtmuiar  coat  consists  of  an  internal  circular  and  an 
external  longitudinal  layer :  the  former  is  usually  considerably 
the  thicker.     Botli  alike  consist  of  bundles  of  unutriped  muscle 


K.P. 


Y  V 


^ 


supporto<!  by  eonnectiTe  tissue,  Thej  Are  well  pmvided  wiUi- 
1ymplmti€  vesaek,  which  form  a  set  distmct  from  tliose  of  the  J 
raucous  luernbrane. 

Between  the  two  muscular  coats  is  a  nerre-plexiia  (Auertadt^j 


Fig.  3^7.— Aiuc]-b(ich*9  Dcrvi^-plexufl  in  sedmII  mUflUiie,    Oiuif liun^'^ik  w  iiabddM  is 
the  pLocttfl^  ttM!  whole  of  whivh  m  ifndmied  in  a  nacleiited  shmlli.    (IQek.) 

pleiua)  (fig,  367),  isimilar  in  stmt:ttire  to  Meiastier'a  (intbesiib- 
mucous  coat),  but  coiiraer  and  witli  more  mitiierous  gaaglia. 

(3,)  Between  the  luneous  ^^mJ  niusculair  coats  is  the  iHihmve&mi 
CQiit,  whieli  couaifita  of  connective  Uasue^  in  which  u  11  merous  blood* 


lyiwplmtica  ranufy.     A  tine  plexus,  tioutiiatiug  mainlj 

du Hated  nerve-fibrea^  J/eij»*?ier'*  plexus^  with  ganglion 

nodeHt  oceura  in  the  sut^muoouB  tisnue  from  the  stomach 

L*  mui'otiti   mnnhntnr  is   the   most    imn^Kjrt^nt   coat   m 
the  fuoctioti  of  digeHtion.     The  following?  stnictureaj 

ter   into    ita   cotnpoaition,    may  now    be    BUceoa«ively 

— ^the  tpfiltmlm  etm'niifentes  ;  the   viifl ;  and   the  ijlafuU. 

al  structure  of  the  ni neons  membrane  of  the  inteHtines 
bat    of     the     stoimichj    and, 
neil  on  its  inner  surface   by 
eliiim.       Adenoid     tissue 
largely  into  its  uonslnic- 
ita  deep  it ur fact;  is  the  mtt*- 
(m,  tig.  369},  the   fibres 

ire  an*aiigcd  in  t^o  layers :  the 

[itudinal  and  the  limer  circular, 

B    VonmimiteB.  —  The    valvulse 

P  (tig.   36S)  commenoe  in  the 

%    about    one    or    two    inches 

le  pylorus,  and  becoming  larger 
numerous  immediately  beyond 

nee  of  the   bile  duct,   continue 

irrangecl    uiid     well     developed 

it  the  jejunum;  then,  gradtially 

ig    in    size    and    n timber,  they 

IT    the    middle   of    the    ileum. 

formed  by  a  doubling  inwards 

mucous    uiembrane  ;    the    cres^ 

arly  i:ircidar,  folds  thus   formed 

^ed  transversely  to  the  axis  of  the  intestine,  but  each 

I    fold    seldom    extends    around   more    than  J  or  f  o( 

V%  L-irctiniference.     Unlike  the  rugce  in  the  tjesophagufc 

lach,   they  do  not  disapj>ear  on  distension  of  the  canal. 

ction  is  to  afford  a  largely  increased  surface  for  secretion 

ptioo.     They  are  covered  with  villi, 

-The  Villi  (figs.  369^  370,  and  371)  are  confined  exclu- 

the  mucous  racml>mne  of  the  aaiall  intestine.     They 

t©  vascular  processes,  from  -^  U%   J  of  an  inch  ('5  to 

3  length,  covering  the  surface  of  the  mncous  membnine, 

ag  it  a   peculiar   velvety,    fleecy    appearance.       Krause 
them  at  fifty  to  ninety  in  number  in  a  square  line  at 

\part  of  the  small  intestine,  and  at  forty  to  seventy  in 
em  at  the  lower  [mrt.     They  vary  in  fonn  even  in  the 


Fig-  36fi.— Pii?ce  <rf  Kimill  io- 
teotise  (iHBVJQUiiif  din- 
tended  Aiid  hardened  b) 
lUoohol )  ^d  pp(?Jt  toflhiv* 
the  nonsAl  podttDa  ol 
the  Talralje  coiwaiventei- 
Nuturul  ai/«. 
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Bailee  animal,  and  dilfer  accord iug  aa  the  lymphatic  Tcesela  or 
lacteah  which  thej  coutaia  are  empty  or  full  ;  being  lu^l^,  m 
the  fortiier  caa^  flat  and  pointed  at  their  sammitS}  in  ^e  ktt«r 
cylindrical. 

Each   villus   conBigt^  of  a  small  proj action  of   muooiu  mem- 

brane  ;  its  interior  ccmoEtB  oF 
fine  adenoid  tisane,  which  fomiB 
the  framework  in  whicli  the 
,  other  constituenta  &m  con^ 
tained. 

The  surface  of  the  viUtu  is 
clothed  by  columnar  epithelium, 
which  rests  on  a  fitie  basement 
membrane  j  while  within  this  are 
found,  reckoning  from  without 
inwards,   blood-vessel  a,   Bbreci  ol 


W^^^^im^ 


:.  ^  d 


!'-  t" 


Fig.  it^.— Verticai  mc^uh  of  4uf>de- 
of  Lwberktthii*  uid  c,  Bninn^n 

KDd  eixvuLu- iDiiiKuIar  qoat /t 
(Svliofidd.) 


fig-  t70»— Vertical  aeHion  of  »  villtu  tff 
tm  imaU  inlMtifie  df  a  out  *, 
H^i&ied  IxiTtlCT  of  Ibe  epjUiiilltiM; 
fr«   columnar  epitheliuui ;     c,   robM 

KDOotb  TQi]»C3Jlar  flbren ;  /,  ftdokoid 
HtitiiDiL  nf  tti^  VI 11  UN  ID  wlitcb  Irmpb 
corpuscles  Li<f  ►    { Kleiii*  1 


the  tntMcwto-i*  muemm^  and  a  single  lymphatic  or  lacteal  vessel 
Bometimes  looped  or  branched  (fig.  371). 

The  epithelium  is  continuous  with  that  lining  the  other  parts 
of  the  mucous  membrane.    The  cells  are  arranged  with  their  long  j 
aris  radiating  from  the  surface  of  the  villus  (fig.  370),  and   tbeirj 
smaller  ends  resting  on    the    baaemcnt   membrane*      The    freej 
mirfaoe  of  the  epithelial  celU  oi  ^ht  ^IIU,  like  that  of  the  ceil 
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which  cover  the  general  surface  of  the  mucouB  membmae,  is  itir- 
mounted  by  a  bright  border  which  exhibits  veiy  delicate  gtriatioii% 
vhenoe  it  deriTes  its  name,  strinted  holder  {sec  pp,  27—29). 

Immediat'ely  l>eneath  the  basement  membrane  there  is  a  rich 
supply  of  bltiod-^texsfh.  Two  or  more  mimite  arteries  are  diBtri- 
bated  within  each  villus ;  and  from  their  capillaries,  which  forni 


1%.  ijt.-A,  VitlMg  cfMhtep.     B,  rm  fl/  wfln.    fBliglitlf  Altered  from  TeichuMWm.J 

a  dense  network,  proceed  one  or  two  small  veins,  which  pass  out 
at  the  base  of  the  villus. 

The  kjer  of  the  muscidari^  mncosm  in  the  villus  fonna  a  kind 
of  thin  hollow  cone  immediately  around  the  central  lacteal,  and 
IS,  therefore,  situated  beneath  the  blood-vessels »  It  is  instrumental 
m  the  propulsion  of  chyle  along  the  lacteal. 

The  lacteal  v&i$d  in  each  villus  is  the  form  of  commencement 
E>f  the  lymphatic  system  of  veBsela  in  the  intestines.  It  begins 
almost  at  the  tip  of  the  villus  commonly  by  a  dilated  extremity. 
In  the  larger  villi  there  may  be  two  small  lacteal  vessels  which 
join,  o?  the  lacteals  oiay  form  a  network  in  the  villus  (fig.  371V 
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Glands. — The  glands  are  of  two  kinds : — viz.,  those  of  Lieber- 
ktihn  and  of  Brunner.  Payer's  patches  and  the  solitary  foUicks 
are  composed  of  lymphoid  nodules.  Though  sometimes  called 
glands,  they  form  no  external  secretion. 

The  glands  or  crypts  of  Lieberhvhn  are  tubular  depreasioDs 
of  the  intestinal  mucous  membrane,  thickly  distributed  otct 
the  whole  surface  both  of  the  large  and  small  intestines.  In 
the  small  intestine  they  are  yisible  only  with  the  aid  of  a  lens ; 
and  their  orifices  appear  as  minute  dots  scattered  between  the 
villi.     They  are  larger  in  the  large  intestine,  and  increase  in  size 


Fig.  .17».— TnuiBverae  section  throuffb 
fonr  crypts  of  liebcrkaiin  from  the 
large  intestine  of  the  pig.  They  are 
linod  by  columnar  epithiLial  cdls,  the 
nuclei  being  placed  m  the  outer  part 
of  the  «-c1Ih.  The  divisions  between 
the  cells  nre  seen  as  lines  radiating 
from  u  the  lumen  of  the  crypt;  u, 
epithelial  cells,  which  have  Decline 
transfoimed  into  goblet  cells,  x  350. 
(Klein  and  Noble  Bmith.) 


Fig.  373.— A  gland 
of  liebnkahn  in 
longitudinal  sec 
tion.   (Brinton.) 


&he  nearer  they  approach  the  anal  end  of  the  intestinal  tube; 
and  in  the  rectum  their  orifices  may  be  visible  to  the  naked  eye. 
[n  length  they  vary  from  j-|^  to  -^  of  an  inch.  Each  tubule 
(fig.  373)  is  constructed  of  a  fine  basenient  membrane^  lined  by  a 
layer  of  columnar  epithelium,  many  of  the  cells  of  which  are 
goblet  cells. 

Brunner' s  glands  (fig.  369)  are  confined  to  the  duodenum;  they 
are  most  abundant  and  thickly  set  at  its  commencement,  and 
diminish  gradually  as  the  duodenum  advances.  They  are  situated 
beneath  the  muscularis  mucosas,  imbedded  in  the  submucous 
tissue ;  each  gland  is  a  branched  and  convoluted  tube,  lined  with 
columnar  epithelium.  In  structure  they  are  very  similar  to  the 
pyloric  glands  of  the  stomach,  but  they  are  more  branched  and 
convoluted  and  their  ducts  are  longer.     The  duct  of  each  g^land 
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piflaes  through  the  muacuUiriis  nmcosfc,  and  opeue  on  the  surfaoe 
of  the  mucoui  membrane. 

Peyfr'i  patthu  are  found  in  greatest  abundance  In  the  lower 
part  of  the  ileum  near  to  the  ileo-ciecal  val\  c.  Thej  consiat  of 
Aggregated  groups  of  lymphoid  nodules ;  they  Tary  from  one 
to  three  inchea  in  length,  and  are  about  half-an-ineh  in  width, 
ohiefly  of  an  oval  form,  their  long  axes  being  parallel  with  that 
of  the  intestine.  They  are  almost  always  placed  opposite  the 
attachment  of  the  mesentery. 

When  the  lymphoid  nodules  oocur  singly,  aa   they  often  do 
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follidefl,  or  Pejei'i  patcbfln  &  ttiite  of  dlHteauic>ii.     3<  5.    (Bu^hm.) 


Dth  iQ  small  and  large  intestines,  tbey  are  called  mliior^  giandst 

[  or  foiiicie*. 

The  Ijarge  Intestine. — The  Large  Intestine,  which  in  an 
a4iilt  is  from  abaut  4  to  6  feet  long,  is  subdivided  for  descriptive 
purposes  into  three  portions,  viz.  :^the  CGe€um^  a  short  wide 
pouch,  communicatiug  with  the  lower  end  of  the  small  intes- 
tine through  an  opening,  guarded  by  the  iho-^^ttal  valve  ;  the 
eo/on,  continuous  with  the  cieaumj  which  forma  the  principal  part 
of  the  large  intestine,  and  is  divided  into  aBoendingf  transverse, 
and  descending  portions ;  and  the  rectum^  which,  after  dilating 
at  its  lower  part,  again  contmcta,  and  immediately  afterwards 
opens  eitemally  through  the  anw*.  Attached  to  the  csecimi  is  the 
small  ttppendir  verrfii/ormu. 

Sim^m^ — Like  the  small  intesititie,  the  large  intestine  is  con^ 
stmcted  of  four  coats,  viz,,  the   serous,  miiscukr,  sub-nuicoua 

,  and  mucous.  The  serous  coat  has  connected  with  it  the  small 
pstioeases  of  peritoneum  containing  fat,  called  appendicei  epijdoicGt. 
Th«    ibres   of    the   vtmcuiar    coat,    like   those    of    the    small 

I  intestine,  are  arranged  in   two   layers — the   outer   longitudinal, 
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the  inner  circular.  In  the  caecum  and  colon,  the  longitiidmal 
fibres,  instead  of  being,  as  in  the  small  intestine,  thinly  diipoted  in 
all  parts  of  the  wall  of  the  bowel,  are  collected,  for  the  most  pai% 
into  tliree  strong  bands,  which,  being  shorter,  from  end  to  end, 
than  the  other  coats  of  the  intestine,  hold  the  canal  in  tfAikf 
bounding  intermediate  sacculi.  On  the  division  of  these  bands,  the 
intestine  can  be  drawn  out  to  its  full  length,  and  it  then  aoamai 
an  uniformly   cylindrical    form.       In  the  rectum,  the  fasdcoli 


Fig.  375.— Transverse  section  of  injected  Peyer*8  patch  (from  Kulliker).  The  drawingm 
taken  from  a  preparation  made  by  Frey  from  the  intestine  of  the  rabbit :  it  lepiiMOuU 
tho  fine  capillarr-looped  network  spreading  from  the  suiTOimdnig  blood-roMoli  into 
the  interior  of  tnree  of  the  lymphoid  nodulea. 


of  these  longitudinal  bands  spread  out  and  mingle  with  the  other 
longitudinal  fibres,  forming  with  them  a  thicker  layer  of  fibres  than 
exists  in  any  other  part  of  the  intestinal  canal.  The  circular  mus- 
cular fibres  are  spread  over  the  whole  surface  of  the  bowel,  but 
are  somewhat  more  marked  in  the  intervals  between  the  sacculL 
Towards  the  lower  end  of  the  rectum  they  become  more  numerous, 
and  at  the  anus  they  form  a  strong  ring  called  the  internal 
sphincter  muscle. 

The  mucous  membrane  of  the  large,  like  that  of  the  small 
intestine,  is  lined  throughout  by  columnar  epithelium,  but,  unlike 
it,  is  quite  destitute  of  villi,  and  is  not  projected  in  the  form  of 
valvtike  conniventes.     Its  general  microscopic  structure  otherwise 
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reaembles  that  of  the  small  mteatina :  and  it  is  boimded  below 
by  the  mu^cidaris  mucoim. 

The  arrangenient  of  ganglia  awd  oerve-fibrea  id  the  lai^e 
reaembiea  that  in  the  small  inteatine* 

Elands. — The  glands  with  which  the  lai^e  intestine  is  provided 
are  simple  tubular  glands,  or  glands  of  LieberkOhn ;  they  re- 
seoahle  those  of  the  small  intisstine,  but  are  somewhat  larger  and 
iDOre  numerous,  and  eoutain  a  verj  great  number  of  goblet  cells ; 
nod  a  »  Ofienoid  or  Iynq*}mid  tissue  are  most  numerous  in  the 
Oiaotim  and  vermifomi  appendix.  Thej  resemble  in  shape  and 
ltni0tiire  the  i^oLitary  glands  of  the  small  intestine.  Pejer^s 
patehes  are  not  found  in  the  large  intestine. 

Bfo-^tBeal  Valve, — The  ileo-ciecal  valve  is  situated  at  the  place 
df  juDCtion  of  the  small  with  the  large  intestine,  and  guards 
i^ainat  anj  reHui  of  the  contents  of  the  latter  into  the  ileum. 
It  is  composed  of  two  semilunar  folds  of  mucous  membrane. 
Each  fold  is  formed  by  a  doubling  iuw^ards  of  the  mucous  mem- 
hraoe,  and  is  strengthened  on  the  outside  by  Bome  o*  the 
ciruolar  muscular  fibres  of  the  intestine,  which  are  contained 
between  the  outer  surfaces  of  the  two  layers  of  which  each  fold 
is  composed.  While  the  cirGular  muaciilar  fibres,  however,  at  the 
junction  of  the  ileum  with  the  csecum  are  contained  between 
the  outer  opposed  surfaces  of  the  folds  of  mucous  membrane 
which  form  the  valve,  the  longitudinal  muscular  fibrea  and 
the  peritoneum  of  the  small  and  large  intestine  respectively 
are  continuous  with  each  other,  without  dipping  in  to  follow  the 
circular  Hbres  and  the  mucous  membrane.  In  this  mauner, 
therefore,  the  folding  inwards  of  these  two  last-named  structures 
is  preserveii,  while  on  the  other  hand,  by  dividing  the  longitn- 
dinal  muscular  fibres  and  the  peritoneum,  the  valve  can  he 
made  to  disappear,  just  ae  the  constrictions  between  the  saccnli 
of  the  large  intestine  can  be  made  to  disappear  by  perfonning 
&  alrailar  operation.  The  mucous  membrane  of  the  ileima  is 
continuous  with  that  of  the  csecum.  That  surface  of  each 
fold  of  tile  ileo-c  valve,  which  looks  towards  the  small  in- 

testine is  covered  with  villi,  while  that  which  looks  to  the  coecum 
has  none.  When  the  CEecum  is  distended*  the  margins  of  the 
folds  are  stretched,  and  thus  are  brought  into  firm  apfKMition  one 
with  tlie  other, 
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FOOD. 


Tee  chief  chemical  compounds  or  proximaU  princtple$  in  food 


a^ : — 


1.  Proteida  . 

2.  Carbohydrates 

3.  Fats 

4.  Water. 

5.  Salts 


organic. 
-  inorganic. 


\ 


Ju  milk  and  in  eggs,  which  form  the  exclusive  food-stutTs  of 
young  animals,  all  varieties  of  these  proximate  principles  uc 
presAit  in  suitable  proportions.  Hence  they  are  spoken  of  as 
perfect  foods.  Eggs,  though  a  perfect  food  for  the  developijig 
bird,  contain  too  little  carlx)bydrate  for  a  mammalT  In  mo^tt 
vegetable  foods  carbohydrates  are  in  excess,  while  in  anuanl 
food,  like  meat,  the  proteids  are  predominant.  In  a  amiable 
diet"  these  should  be  mixed  in  proper  proportioqg,  which  mi»t 
vary  for  herbivorous  and  carnivorous  animsjs.  '^       "^ 

A'  healthy  and  suitable  diet  must  possess  the  following  obt- 
racters: — 

\  I.  It  must  contain  the  proper  amount  and  proportion  of  tbe 
various  proximate  principles. 

\2.  It  must  be  adapted  to  the  climate;  to  the  ^yy  of  the 
individual  and  to  the  amount  of  work  done  by  nim. 
I  3.  The  food  must  contain  not  only  the  necessary  amount  uf 
proximate  principles,  but  these  must  be  present  in  a  digestible 
form.  As  an  instance  of  this,  many  vegetables  (peas,  beans, 
lentils)  contain  even  more  proteid  than  beef  or  mutton,  but  are 
not  so  nutritious,  as  they  are  less  digestible,  much  passing  of] 
in  the  fseces  unused. 

V  The  nutritive  value  of  a  diet  depends  chiefly  on  the  amouni 
o^  carbon  and  nitrogen  it  contains.  A  man  doing  a  moderati 
amount  of  work  will  eliminate,  chiefly  from  the  lungs,  in  tli* 
form  of  carbonic  acid,  from  250  to  280  grammes  of  carbon 7<r 
diem.  During  the  same  time  he  will  eliminate,  chiefly  in  tb^ 
form  of  urea  in  the  urine,  about  1 5  to  1 8  grammes  of  nitzt)gci] 
These  substances  are  derived  from  the  metabolism  of  the  tissuef 
and  various  forms  of  energy,  mechanical  motion  and  heat  beinj 
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the  chief,  are  simultaneously  liberated.  During  muscular  exercise 
the  output  of  carbou  greatly  increases  ;  the  increased  excretion 
of  nitrogen  is  not  nearly  so  marked.  Taking,  then,  the  state  of 
moderate  exercise,  it  is  necessary  that  the  waste  of  the  tissues 
should  be  replaced  by  fresh  material  in  the  form  of  food';  and  the 
proportioii  of  carbon  to  nitrogen  should  be  the  same  as  in  the 
excreUons:  250  to  15,  or  i6'6  to  i.  The  proportion  of  carbon 
to  nitrogen  in  proteid  is,  Kowever,  53  to  15,  or  3-5  to  i.  The 
extra  supply  of  carbon  must  come  from  non-nitrogenous  food —  ' 
via.  fat  and  carbohydrate. 

Moleschott  gives  the  following  daily  diet : — 

Proteid iiogrms. 

Fat 90     „ 

Carbohydrate 333     „ 


Ranke's  diet  closely  resembles  Moleschott's  ;  it  is — 


Proteid loog^rms. 

Fat 100     „ 

Carbohydrate 250     „ 


Such  typiqal  diets  as  these  must  not  be  considered  as  more 
than  rough  averages  of  what  is  necessary  for  a  man  in  the 
course  of  the  day.  Actual  experience  shows  that  in  the  diets 
of  different  nations  there  are  considerable  variations  from  this 
standard  without  the  production  of  ill  effects.  Age,  and  the 
amount  of  work  done  also  influence  the  amount  oF  food  neces- 
^sifyf  growing  children,  for  instance,  require  a  relatively  rich 
^L;  thus,  "miltTShg  (lieF  oT  the  Infant,  is  proportionally  twice 
as  rich  in  proteids,  anS'^half  as  rich  again  in  fats,  as  the  normal 
di^jgjven  above.  Ihiring  work  more  food  is  necessary  than 
during  maclTvlty.  " 

Ranke's  and  Moleschott's  diets  just  given  are  by  no  means 
generous  ones ;  most  English  people  take  more  proteid.  From 
the  composition  of  the  more  commonly-used  foods,  G.  N.  Stewart 
calculates  that  500  grammes  of  bread  and  250  grammes  of  lean 
meat  constitute  a  fair  quantity  for  a  man  fit  for  hard  work. 
Adding  500  grammes  of  milk,  75  grammes  of  oatmeal  porridge, 
30  grammes  of  butter,  and  450  grammes  of  potatoes,  we  get, 
approximately,  20  grammes  of  nitrogen  and  300  grammes  of 
carl)on  contained  in  135  grammes  of  proteid,  97  gnimines  of  fat, 
and  about  400  grammes  of  carbohydrate.  This  diet  is  thus  a 
more  liberal  one  than  the  "  adequate  "  diets  just  given. 
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lu  tubular  form  the  facts  just  given  may  be  more  Baocmctlr 
stated  : — 


OimmmM  of 


Food-staff. 


Lean  meat 
Brernl   .     . 
Milk. 
Butter  .    . 
Fat  with 

meat 
Potatoes    . 
Oatmeal    . 


Quantity. 


-Nitro-'  Oar- 
I   g«n.      bon. 


Pro-  , 

teidii.1 


Fata. 


ihjdntai 


Metric 

EngliKh 

aysteni. 

weights. 

250  grammes 

9  oz. 

500 

18  ,. 

500 

f  pint 

30 

I  oz. 

30 

I  V 

450        " 

16,. 

75 

3  " 

8 
6 

3 
o 

o 
1*5 

n 


33 
I  112 

!  35 
20 

I 

!  22 
47 
30 


55 
40 
20 

o 

o 
10 
10 


I    7-5 
I  20 

27 

30 
o 

4 


o 

245 

25 

o 

o 
95 
48 


202  !  299    13s    97      413 


JS: 

0-5! 


45' 

2    • 

I 

21    . 


j^C^'sf^^ 


We  shall  have  to  return  to  the  composition  of  diets  again  is 
our  study  of  metabolism ;  and  now  we  will  proceed  to  consider 
the  principal  food-stuflfe. 

Milk. 

Milk,  which  we  have  already  spoken  of  as  a  perfect  food,  it 
only  so  for  young  children.     For  those  who  are  older,  it  is  10 

voluminous  that  un|deas- 
antly  large  quantities  of  it 
would  have  to  be  taken  in 
the  course  of  the  day  to 
ensure  the  proper  supplj 
of  nitrogen  and  carbon. 
Moreover,  it  is  relatively 
too  rich  in  proteid  and  faL 
It  also  contains  too  little 
iron  (Bunge):  hence  chil- 
dren weaned  late  become 
ansemic. 

The  microscope  leveals 
that  it  consists  of  two 
parts :  a  clear  fluid  and  a 
number  of  minute  partidee 
that  float  in  it.  These  consist  of  minute  oil  globules,  varying  in 
diameter  from  0*0015  to  0*005  naillimetre  (fig.  376). 

The  milk  secreted  during  the  first  few  days  of  lactation  is 
called  colostrum.     It  contains  very  little  caseinogen,  bat  kige 


Fig.  376.— Oloboles  of  cow's  milk,     x  400. 


ititiesofglobiilin   instead.     Microscopically',  eella  from  the 
riGi    of    EKemammary    gland    are    seen,    which    contain    fat 
;}obules  in  their  interior  ;  they  are  cJiUed  coloitrum  corpuselei. 

Beaotlon  and  Specific  Gravity, — The  reaction  of  fresh 
oow'a  Tuilk  and  of  human  milk  Is  generally  neutral  or  «ligbtly 
•Ik&line.  In  camtvora  the  milk  is  acid.  All  milk  readily  turns 
»cid  or  sour  aa  the  result  of  fermentative  change,  part  of  its 
Iftctnee  Imng  tratiafonned  into  lactic  acid»  The  specific  gravity  of 
milk  ja  UBually  ascertained  with  the  hydrometer.  That  of  normal 
O0w*s  milk  varies  from  102S  to  1034.  When  the  milk  is  skimmed 
the  specific  gravity  rises,  owing  to  the  removal  of  the  light  con- 
it  uent,  the  fat,  to  1035  to  1037,  In  all  cases  the  specific 
Lvity  of  water,  with  which  other  suhstances  are  compared,  10 
ikon  as  1000. 
Ck^mpositioiL  —  Fraukland  gives  the  following  tablet  o<^ti- 
sting  the  milk  of  women,  ass,  and  cow : — 


Proteidfl  (chiefly  caseinogcn'] . 
I  Buttmr  (fat)        .        .        .     . 


HSaltfl  . 
^t,   and 


WCMuan* 

A-, 

Cow. 

Vvtoemt. 

per  cent. 

P^MJOl. 

27 

n 

^1 

3'5 

fj 

3B 

S^ 

4-5 

38 

0-2 

o-S 

07 

Lce,  in  feeding  infante  00  cow's  mOk,  it  is  necessary  to  dilute 
and  add  sugar  to  make  it  approximately  equal  to  natural 
Immaii  milk. 

Tlie  ProteidB  of  Milk.^The  principal  proteid  in  milk  is 
cmlled  €as€inof/cfi ;  it  is  /trecipiUiMe  by  acids  like  acetic  acid,  and 
abo  like  globulins,  by  saturation  with  magnesium  sulphate,  or 
half  saturation  with  ammonium  sulphate;  it  is  coagulated  by 
rennet  to  form  cai^n.  Cheese  consists  of  casein  with  the 
entangled  fat.  The  other  proteid  in  milk  itj  an  albumin.  It 
is  present  iu  small  quantities  only  ;  it  difiers  in  some  of  its 
properties  (specific  rotation,  coagulation  temperature,  and  solu- 
bilities) from  serum -album  in  ;  it  is  called  laet-ailmmm. 

The  Coagulation  of  Hilk. — Rennet  is  the  agent  usnally  cm- 
ployed  for  this  purpose :  it  is  a  ferment  secreted  by  the  stomach, 
especially  in  sucking  animals,  and  is  generally  obUiined  from  the 

The  curd  consists  of  the  casein  and  entangled  fat :  the  liquid 
residue  called  toh^  contains  the  sugar,  salts,  and  albumin  of  the 
mjlk.  There  is  also  ^  small  quantity  of  a  new  proteid  called 
whey-prottui^  which  differs  from    caseinogen  by  not  being  con- 
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vertiblo  into  casein  ;  this  is  produced  by  the  decompontlon  of  the 
caseinogen  molecule  during  the  process  of  curdling. 

The  curd  formed  in  hiunan  milk  is  more  finely  divided  than  tbat 

in  cow's  milk ;  and  it  is  more  digestible.     Ija  feeding  ohildien  and 

invalids  on  cow*s  milk,  the  lumpy  condition  of  the  ouid  may  beob- 

viated  b^ Jbhejaddition  of  lime  water  or  barley  water  to  the  milk. 

""Tlio  addition,  of.  rennei  Drorliififfl  mftgnlatlon  in  mil^  oroi^ 

fhS.  a.  anffir'iftnt  amniyii^  of  "7]j;i]im  MBU?  JM  prftRftfi?..     Tf  Uie  CalcJUm 

saira  are  precipitate^  by  theaddition  of  potassium  oxalate,  rennet 
(MlugBH  li(^  tormation  of  casern.  The  process  of  curdling  in  milfcisa 
duiibl6'6Il(!5y  the  first  action  due  to  rennet  is  to  produce  a  change 
in  caseinogen  ;  the  second  action  is  that  of  the  calcium  salt  which 
precipitates  the, altered  caseinogen  as  casein.  In  blood  also,  cal- 
cium salts  are  necessary  for  coagulation,  but  there  they  act  in 
a  different  way,  namely,  in  the  production  of  fibrin  ferment  (see 
p.  398). 

Caseinogen  is  often  compared  to  alkali-albumin.  The  latter, 
however,  does  not  clot  with  rennet,  and  is,  unlike  caseinogen, 
readily  soluble  in  acids.  Caseinogen  is  not  a  globulin,  though  it 
is,  like  globulins,  precipitated  by  neutral  salts.  It  differs  from  a 
globulin  in  not  being  coagulated  by  heat.  It  is  a  nucleo-proteid ; 
that  is,  a  compound  of  a  proteid,  with  the  proteid-like  but  phoa- 
phorus  rich  material  called  nuclein  (see  p.  389). 

The  Fats  of  Milk. — The  cljemical  composition  of  the  fat  d 
milk  (butter)  is  very  like  that  of  adipose  tissue.  It  consiBti 
chiefly  of  palmitin,  stearin,  and  olein.  There  are,  however,  smallar 
quantities  of  fats  derived  from  fatty  acids  lower  in  the  seriea, 
especially  butyrin  and  caproin.  The  relation  between  these 
varies  somewhat,  but  the  proportion  is  roughly  as  follows: — 
Olein,  S-;  palmitin,  ^;  stearin,  ^;  butyrin,  caprom,  and 
capryliu,  j\.  The  old  statement  that  each  fat  globule  ia  sur- 
rounded by  a  film  of  caseinogen  is  not  now  regarded  as  true  by 
most  autlioritics.  Milk  also  contains  small  quantities  of  lecithin, 
a  phosphorised  fat ;  of  cholesterin,  an  alcohol  which  resemblea  fat 
in  its  solubilities,  and  a  yellow  fatty  pigment  or  lipochrome. 

Milk  Sugar,  or  Iiactose. — This  is  a  saccharose  (C^^H^Ou). 
Its  properties  have  already  been  described  in  Chap.  XXV.,  p.  376. 

Souring  of  Milk. — When  milk  is  allowed  to  stand,  the  chief 
change  which  it  is  apt  to  undergo  is  a  conversion  of  a  part  of 
its  lactose  into  lactic  acid.  This  is  due  to  the  action  of  micro- 
organisms, and  would  not  occur  if  the  milk  were  contained  in 
closed  sterilised  vessels.  Equations  showing  the  change  pro- 
duced are  given  on  p.  377.  When  souring  occurs,  the  acid 
formed  precipitates  a  portion  of  the  caseinogen.     This  must  not 
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be  oonfounded  with  tbe  formation  of  casein  from  ca^inogen 
frhich  is  pniMiuced  by  rennet  There  are,  liowc^'er,  some  bacteri&t 
^rowihs  which  produce  true  coagulation  ]ike  rennet 

Alcoholic  Fermentation  in  Milk. — When  yea^t  m  added  to 
Ik,  the  sugar  does  not  reatlily  undergo  the  alcoholic  fcrmeuta' 
Other  somewhat  simiUr  fungoid  growths  are,  however,  able 
(produce  the  changes,  as  in  the  prepajration  of  koumiss ;  the  n»ilk 
Is  first  inverter!,  tliat  in  dextrose  and  galactose  are  formed 
from  it  (see  p*  377 )»  and  it  is  these  sugars  from  which  aleohol 
and  ciu'lxinic  aeid  uriginate. 

The  Salts  of  Milk, — The  chief  salt  present  is  calcium  phos- 
phate ;  a  small  quantity  of  ma^esium  phosphate  is  also  p  resent - 
The  other  salts  are  chieOy  chlorides  of  sodium  and  pota&ainm. 


The  Manmuirr  Glands* 

Tbt  toammnn*  ^!Ands  are  composed  of  large  dJrtaiouB  or  lobes,  and  these 
^M  m^hk  divisible  into  lobules  \  ihe  lobules  are  composed  of  tbe  COB- 
^Kinted  and  dilated  ^uMirisiotifi  ^f  the  main  duett  held  together  b;  con- 
HieliTd-tiwue.  Covering  the  geueml  sarCace  of  the  ^^iand*  with  the  ezception 
of  the  ujppje,  m  a  considerable  quaEtity  of  fsi^  itaetf  iobulated  by  iheatbs 
and  processes  of  areolar  timn^  (^^.  377)  connected  both  with  the  ikim  to 
faoDt  and  the  glanrl  behind  ;  tiie  same  bond  of  contieetiou  ext^ntis  also 
from  the  under  tititifaee  of  the  gland  to  the  sheathing  conneetiTe-tisisue  of  the 
freat  pectoral  ma^icle  on  whicli  it  lies*.  Tbe  main  duets  of  the  gland,  tvfleen 
Id  twenty  in  ntiroVjer,  called  the  Uteti/ertm^  ductSt  are  formeil  by  the  union 
ol  the  smaller  thjbular)  ducts,  and  open  by  small  separate  oririeea  through 
tbe  nipple.  At  tbe  points  of  jnnction  of  lobular  ducts  to  form  IiHitileroti£ 
dact&  and  ju^t  before  these  enter  the  base  of  the  nipple,  the  ducts  are 
dilated  ;  ami  during  tbe  period  of  active  secretion  by  theglandj  the  dHatationi 
foini  T^eryoirg  for  tbe  ml  He,  wbioh  collecte  in  and  distends  them.  The  waUj 
«f  tlie  gland<dueti  aie  fonned  of  ai'eokr  with  somennstripcd  muscular  tiatue. 
ttid  lie  lined  internally  by  short  columnar  and  near  tbe  nipple  by  flattened 
fipitliehuin.  Tbe  alireoli  consist  of  n  basement  membrane  of  flatt^^ied  cells 
lined  by  low  columnar  epithelium. 

The  nipple  is  oomposeil  of  areolar  tissue,  and  contain <i  imstHped  mosccdar 
fibrea.  Blood-vessels  are  also  freely  supplied  to  it,  so  as  to  give  it  an  erectile 
itmctxire.  On  its  surface  are  very  sensitive  papiUs^ ;  and  around  it  is  a 
imaU  area  or  aretila  of  pink  or  dark -tin  ted  skin,  ob  which  are  to  be  seen 
email  projections  former!  by  minute  sn'creting  glands. 

Blood-vessels,  nerves,  and  lymphatics  are  plentifully  BuppLied  to  the 
manuimry  glands  ;  tbe  calibra  of  the  blood -vessels,  m  well  as  the  Bize  of  the 
glandsp  varies  Tery  greatly  nnder  certain  conditiotiB,  espt^eially  tho«e  of 
pragnancy  and  Jactation.  The  secretory  nerves  of  the  mammary  glands  have 
notyet  bien  diaeovered* 

The  alveoli  of  the  glands  during  the  secreting  periods  are  found  to  be 
lined  with  very  short  c^ilnmnar  cells,  with  nuclei  situated  towards  the  centre. 
The  edges  of  the  cells  towards  the  lumen  may  be  iri^^gular  and  jagged,  and 
tbe  lemainder  of  the  alveolus  is  tilled  up  with  the  materials  of  the  milk. 
DcistDg  the  intervals  between  tbe  acts  of  discharge,  the  cells  of  the  alveoli 
elongate  towaitis  the  lumen,  their  naelei  divide,  and  in  tbe  part  of  the  cells 
towaide  the  lumen  a  ogllection  of  oil  globules  and  of  other  materials  takei 
place. 

Tbe  ne^i  iiage  is  that  the  cells  dlTide  and  the  part  of  each  towards  the 
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lumen  containing^  a  nnclenA  and  the  materiAk  ctf  the  ieef>e<Joii,  diim^rittt 
md  goes  to  form  the  aolid  part  ol  the  milk.    The  eelk  aIid  aecivte  wifeet, 


Fiff,  377-— I^^<>Bedidii  af  th«r  Iqwc;  bftlf  of  tti?  ff?nuil«  fnamma,  diinn^  Ibe  po^  << 
lietation.  ^.— In  the  k-ft-hand  iiJdiH!  of  the  <Mu»eici£{ed  fiftit  the  kIav^^uIbt  lobw  iR 
expooed  and  portiaJliy  mini  veiled ;  and  nniho  rishb4imad  ade,  tibe  flimdiilaf  mbftuat 
hMa  heen  rt^mrived  t^  tub  aw  the  rftiinxlaT  locuJJ  of  tlie  ooEUWcdVe^tiMiia  in  wtyob 
y»  gUnduIaT  lobukfi  ««  Dleioed  :  t*  upper  purt  of  thtfnumiUft  or  nipple;  z,  utMt: 
J,  fttlxmtjineoujt  maHHes  of  fat;  4,  retjcuJoj  loculi  of  the  coiiTUKtive^4un]a  «IkU 
■Uppcit  tltt  ETlitmdiLl&r  HubAtanoe  and  conUin  the  fatty  miuiaea  ;  5,  one  of  tJblA*  bel^ 
Usrmm  dtidai  Hhowa  pswiiii?  towArda  the  nmmilU  wbf?re  they  open ;  6,  tme  of  tbe  tbn 
lAd:ei  or  riwui  tomb  ;  7,  Mime  ol  the  flandular  lobulu  whitjh  haiTQ  bem  unmt^fld; 
7\  atbe»  Duuaed  togvtber.   { Liuohkn.) 


F!lff.  ^78,— fi«e(tionof  XELumnary  «lukd  of  bitch,  ^bomiiK  iidiu,  lined  wi^  epitluJiiJ  cdli  ai 
a  Hhort  columBur  form,     x  ioo.     {Y.  D.  HiuiiflO 

tialta,  and  milk  nn^ar.  The  fat,  &c,  of  mi  lie  ar^  not  simply  picked  out  trom 
the  blood  by  the  secreting  cells,  but  these  tnateriala  are  formed  by  mctftbohc 
prooessei  within  the  protoplasm  of  the  cclk. 
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I  tbe  eftrlkr  djiva  of  Inctatioo^  epithelial  ceU«  only  portiaJlj  transformed 
I  dlaebttti^i  m  tue  secretion  :  these  are  termed  etilogtmm  cttrpu*v}^g.  It 
^itetod  that  colofltmm  po^eaaea  a  put-gattve  act  too. 
Ihulpf  pr«|rii&iicy  the  TOaminary  glgjid^  undergti  changes  (fv^lutUH'}  which 
fcre  leadtly  obgerrablG.  Thej  enlarge?^  become  baniert  nud  more  distint^Uy 
lobul^ed ;  thfl  yeini  on  the  surface  become  more  prominent.  The  areola 
beeodaea  enlarged  and  dnskj,  with  projecting  papiUffi ;  the  nipple  too  l>e- 
Gomet  more  prominent,  atjd  milk  can  be  iqu^eted  from  tbe  orifices  of  Ihe 
diLcts.  Thia  is  a  very  gmclual  Drocees^  which  commenoee  ftbout  the  time  ol 
«nic»ptiot3,  and  progresses  ateafiily  during  the  whole  perimi  of  gestaUoa.  la 
Ib0  gland  it«elf  solid  columns  of  cells  bud  off  from  the  old  alveoli  to  fonB 
ttev  ftlvsoli.  But  theK  aoUd  columna  after  a  while  are  con?ert<^  into  tubes 
hy  thfi  o^tnil  cells  becoaUng  fatty  an  I  bdug  di«cbarg^  as  the  coloatrum 
cmposcleB  above  mentioned. 

Alter  tlie  etid  of  lactotion,  the  mamma  gradually  re  turn b  to  it«  onginal 
ate  (^immtlutitmy^  The  acinic  in  the  early  Btagea  of  involution^  are  lined  with 
fcjla  in  all  dfgraes  ol  vaeuolation.  Aa  involution  proceeds  tlie  acini  diminish 
Basfderably  m  «ixe,  and  at  kngtb,  instead  of  a  mosaic  of  lining  epithelial 
WU  (twenty  to  thirty  in  each  acinus)}  we  have  five  or  six  nuclei  (some  wJtb 
no  iunonaditig  protoplasm)  lying  in  an  irregular  heap  within  the  ftcjniis, 
Diaring  tbe  later  stagers  of  involution,  lar^  yellow  granular  cells  are  to  be  ieen. 
Ai  the  acini  diminisb  In  flize,  the  conDCCtive-ti^sue  and  fatty  matter  between 
Ibera  incnaases,  and  in  some  animals^  when  the  gland  is  completely  inactive 
it  ia  found  to  consist  of  a  thin  film  of  glandular  tissue  overlying  a  thick 
eoaliion  of  fat.    Many  of  tbe  producte  of  waate  ai^  caniad  qS.  by  the 

Eaphatica, 
Eggs. 
In  thk  ootintry  the  eggs  of  hens  and  ducks  are  those  p&rtieu- 
\y  selected  as  food -stuffs.     The  chief  constituent  of  the  shtll  is 
cium  carlxioate.    The  white  is  composed  of  a  richlj  aibmninous 
fltiid  enclosed   in  a  network  of  iirmer  niid  more  fibrous  material. 

re  amount  of  solids  is  13*3  per  cent:  of  this  12-2  is  protoid 
nature  (egg-albumin,  with  smaller  quantities  of  egg-globulin, 
and  of  a  mucjnoid  substance  caUed  ovo- mucoid},  and  tbe  re- 
mainder is  made  up  of  sugar  (0^5  per  cent,)»  traces  of  fats, 
lecithin  and  cholesteriu,  and  0^6  per  cent,  of  inorganic  salts. 
The  ^olk  is  rich  in  food  materials  for  the  development  of  the 
future  embryo.  In  it  there  are  two  varieties  of  yolk -spherules, 
cme  kind  yellow  and  opaque  (due  to  admixture  witli  fat  and  a 
yellow  lipochrome),  and  the  other  smaller,  transparent  and 
almost  colourletis :  these  are  proteid  in  nature^  contiisting  of 
the  nuoleo-proteid  called  mttllin.  Snmll  tiuantities  of  sugar, 
lecithin,  cholesterin  and  inorganic  salts  are  also  prenent* 

The  nutritive  value  of  eggs  is  high,  as  they  are  so  readily 
iig«otib]e ;  but  the  more  an  egg  is  cooked  the  more  insoluble  do 
ite  pfoteid  constituents  become. 

Wpc 

c 


Meat, 

This  is  composed  of  the  muscular  and  connective  (including 
jpofle)  tiflflues  of  certain  animals.     The  desh  of  some  animak  is 
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not  eaten ;  in  some  cases  this  is  a  matter  of  faabkm,  in  others 
owing  to  an  unpleasant  ta&te^  such  b&  the  flesh  of  canuTom  are 
said  to  have  ;  and  in  other  cases  {€.g.  the  horse)  because  it  is  toore 
lucrative  to  \i8e  the  animal  as  a  beast  of  burden. 

Meat  is  the  most  contientrated  and  most  easily  aammHahle 
I  of  nitrogenous  foods.  It  is  our  chief  source  of  nitrogen.  lu 
chief  solid  cotistitueut  ia  proteid,  and  the  principal  proteid  h 
myosin.  In  addition  to  the  extmctives  and  salts  ootitained 
in  muscle,  there  is  always  a  certain  percentage  of  fat,  e?ea 
though  all  visible  adipose  tiasue  is  dissected  off.  The  fat-cellt 
are  placed  between  the  muscular  fibres,  and  the  amoiint  of  fat  to 
situated  varies  in  different  animals;  it  is  particularly  abundant 
in  pork ;  hence  the  indlgesttbility  of  this  form  of  flesh :  the  Ux 
prevents  the  gastric  juice  from  obtaining  ready  accesa  to  tb« 
muscular  fibres. 

The  following  table  gives  the  chief  substances  in  some  of  \hi 
principal  meats  used  as  food : — 


Ck)nfltituEDt«,              1     Ox.     1     OftU, 

i 

Tig. 

Hone. 
743 

Fowl. 

m^ 

Water   .... 

Solids       .        ,        ,    . 

Proteids  and  gdatia*   * 

TaV.     ^.  ^    y       .    . 

Carbohydrate 

Salts         .... 

767 
233 

a)'0 
1^2 

19-4 
29 
08 

1-3 

726 

37-4 

o'6 
ri 

70-8 

-^ 

i"3 
rt 

773 
07 

The  large  percentage  of  water  in  meat  should  be  particularly 
noted ;  if  a  man  wished  to  take  his  daily  minimum  of  100 
grammes  of  proteid  entirely  in  the  form  of  meat,  it  would  be 
necessary  for  him  to  consume  about  500  grammes  (t.tf.,  a  little 
more  than  ilb.)  of  meat  jt>«r  diem. 

Flour. 

The  best  wheat  flour  is  made  from  the  interior  of  wheat  grains, 
and  contains  the  greater  proportion  of  the  starch  of  the  grain  and 
most  of  the  proteid.  Whole  flour  is  made  from  the  whole  grain 
mintis  the  husk,  and  thus  contains  not  only  the  white  interior  but 
also  the  harder  and  browner  outer  portion  of  the  grain.  This 
outer  region  contains  a  somewhat  larger  proportion  of  the  proteids 
of  the  grain.     Whole  flour  contains  i  tfl,.a,jMaLcent.  more jagteid 


*  The  flesh  of  young  animals  is  richer  in  gelatin  than  that  of  old :  thus 
1000  parts  of  beef  yield  6,  of  veal  50,  parts  of  gelatin. 
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iCaa  T**^!!^  dlgf*^^  Brown  Bour  contains  n  certain  amount  of 
btmn  m  addition :  it  ia  still  less  digastiblef  but  is  ufleful  aa  a 
cnild  laxative,  the  insoluble  callulose  mechamoallj  irritatiiig  the 
lntestin&l  canal  as  it  passes  along. 

The  best  flour  contains  very  little  sugar.  The  presence  of 
Bug&r  indicates  that  germination  has  commenced  in  the  grains. 
In  tlie  manufactuj'e  of  malt  from  barley  this  is  purposely  allowed 
to  go  on. 

When  mixed  with  water,  wheat  flour  forms  a  sticky,  adhesive 
ma^  called  dough«  This  is  due  to  the  formation  of  gluten,  and 
die  forms  of  grain  poor  in  gluten  cannot  be  made  into  dough 
(oata,  rice,  iic).  Gluten  does  not  exist  in  the  flour  as  such^  bnt 
13  formed  on  the  addition  of  wat«r  from  the  pre-existing  globulins 
the  flour. 
I  The  following  table  contrasts  the  composition  of  some  of  the 
1  important  vegetable  foods  : — 


'  Wli«at;  Barl«7^    Oftti. 


Isalta. 


Oil 


I2'4 

10-^ 


Lfiiitili.    Tmm. 


131 

o^ 


I3S      t4'B 


493 
34       31 


0'2 

0-7 
1^ 


>We  see  from  this  table— 
I.  The  great  quantity  of  starch  always  present, 

2.  The  small  quantity  of  fat;  that  bread  is  generally  eaten 
with  butter  is  a  popular  recognition  of  this  fact, 

3,  Proteid,  except  in  potatoes,  is  pretty  abundant^  and  espe- 
cially 80  in  the  pulses  (lentils,  peas,  Ac,),  The  proteid  in  thi 
pulaee  is  not  gluten,  but  consists  of  vitellin  and  globulin-like 
substances. 

In  the  mineral  rg^ttf ''H^  Jn  vegetables,  aaHa  of  potaaaijing^  %^id 
inm  are^  as  a  yule,  more  abundant  than  those  of  sodium 

Breftd. 

Bread  is  made  by  cooking  the  dough  of  wheat  flanr  mixed 
with  yeast,  salt,  and  flavouring  materials.  A  ferment  in  the  flour 
acts  at  the  commencement  of  the  process,  when  the  temperature 
ia  kept  a  little  over  that  of  the  body,  and  forms  dextrin  and 
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sugar  from  the  starch,  and  then  the  alcoholic  femientatiofi,  dot 
to  the  actuiii  of  the  yeastj  be^ns.  The  bubbles  of  carbotuc  add^ 
burrowing  passages  through  the  bread,  make  it  light  %ad  Bpoogj. 
This  enables  the  digcBtire  juices  subeequentlj  to  soak  into  it 
readily  and  aifect  all  parU  of  it.  Id  the  later  Btagcn^  viz.,  h<i^iDtg 
the  temperature  m  raised,  the  gas  and  alcohol  are  expelled  liom 
the  bread,  the  yeast  i^  killed,  and  a  crust  forma  from  the  diriag 
of  the  outer  portions  of  the  dough. 

_Whitet>read  cou  tains,  iu   loo  parts,  j_-^  lo  of  proteid,  55^1 
carbohy3rates,  t  of  fat^  2  of  salts,  aiid  the  refit  water.  ^*-^ 


V  Cooking  of  Food* 

y  The  cooking  of  foods  is  a  development  of  ctvilisatioQ  and 

S*  many  useful  ends  : — 

^  I.  It   destroys   all    panaaitea   and  danger  of  infection.     Thii 

relates  not  only  to  bacterial  growths,  but  also  to  larger  paimaita^ 

such  as  taj>e worms  and  trichinBe. 

2.  In  the  case  of  vegetable  foods  it  breaks  up  the  etaitli 
grains,  bursting  the  cellulose  and  allowiug  the  digestive  juicet  to 
come  into  coutact  with  the  granulose. 

3.  In  the  ca^e  of  animal  foods  it  converts  the  insoluble  coUag«a 
of  the  univprsjilly  distributed  connective  tissues  into  the  solubk 
gelatin.  The  loosening  of  the  fibres  is  assisted  bj  the  formaticfk 
of  steam  between  them.  By  thus  loosening  the  binding  materiai, 
the  more  important  elements  of  the  food,  such  as  muscular  fibrea, 
are  rendered  accessible  to  the  gastric  and  other  juices.  Meat 
before  it  is  €fK>ked  ia  generally  kept  a  certain  length  of  time  to 
allow  rigor  mortU  to  pass  ofiF. 

Of  the  two  chief  methods  of  cooking,  roaating  and  boilings  the 
fonner  is  the  more  economical,  as  by  its  means  the  meat  is  fim 
surrounded  with  a  eoat  of  coagulated  proteid  on  its  exterior, 
which  keeps  in  the  juicea  to  a  great  extent,  letting  little  else 
escape  but  the  dripping  (fat).  Whereas  in  boiling,  unless  both 
bouillon  and  bouilli  are  used,  there  is  considerable  waste.  Ckwking, 
especially  boiling,  renders  the  proteids  more  insoluble  than  they 
are  in  the  raw  state ;  but  this  is  counterbalanced  by  the  oUier 
advantages  that  cooking  possesses. 

In  making  beef  tea  and  similar  extracts  of  meat  it  is  necessary 
that  the  meat  should  be  placed  in  cold  water,  and  this  is  gradually 
and  carefully  warmed.  In  boiling  a  joint  it  is  usual  to  put  the 
meat  into  boiling  water  at  once,  so  that  the  outer  part  is  ooagu- 
lated,  and  the  loss  of  material  minimised. 
\    An    extremely  important   point   in    this   oonnootion    is    that 
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tea   and    similar    meat    extracUs   should    not   be    regarded 
foods.     They  ar«    valuable    as    plen^ant    stimulating    drinks 
invalids,    but    they    contain     very    Htlle    of    the    nutritive 
,terial  of  the  meat^   their   chief  constituents,   next  to  water, 
Sing   the  aalts  and  extractives  {creatine,  creatinine^  tactic  acid,/ 
)  of  fle§h. 

Soup  contains  the  extractives  of  meatj  a  small  proportion  of 

.e  pnqteids,  and  the  principal  part  of  the  gelatin.     The  gelatin 

usually  increased   by  adding  bones  and  fibrous  tiaaue  to  the 

ik.     It  is  the  presence  of  this  substance  which  causes  the  soup 

lrti€n  cold  to  gelatinise. 


AccessorieB  to  Food* 

Among  these  must  be  placed  alcohol^  the  value  of  which  within 
moderate  limits  is  not  as  a  food  but  as  a  stimulant ;  condinientii 
[iust£^;     pepper,    ^nger,    currj     powder,     dfc.)      which     are 
acbic  stimulants,  the  abuse  of  which  is  followed  bj  dyspep- 
Bc  tfonbleM  ;    and  t^ea,  coffee^  tococL,  and  similar  drinks.     These 
stimulants    chiefly   to    the    nervous    system ;    tea,    coifee, 
(Paraguay),  guamua    (Brazil),   cola    nut    (Central    Africa), 
t^a  (South  Africa)  and  a  few  other   plants  used  in  various 
countries  all  owe  their  chief  property  to   an  alkaloid  called  theine 
caffeine  (C^  H,^  Ni  Oj)  \  cocoa  to  the  closely  related  alkaloid, 
iine  (C.^  H^  N|  Oj) ;    coca  to    coco^pml       These   alkaloids 
are  all   poisonous,   and  used  in   excess,  even  in  the  form  of  in- 
fusions of  tea  and  cofTeej  produce  over-excitement,  loss  of  digestive 
power,    and   other  disorders   well  known  to  physicians.     Coflfee 
^4iffers  from  tea  in  being  rich  in  aromatic  matters ;  tea  contaitis  a 
^mtter  principle,  tannin  ;  to  avoid  the  injurious  solution  of  too 
^BDUch   tannin,  tea  should  only  be  allowed  to  infuse  (draw)  for  a 
^R»w  minutes.     Cocoa  is  a  valuable  food  in  addition  to   its  stimu- 
lating properties ;  it  contains  about  50  per  cent.  OJ  fat|  &iid  1  a 

cent.^f  grotei^       ^" —  ~ 

^^^_are  taken  as  a  palatable  adjunct  to  other  foods, 
mtfier  than  fo?^heir  nutritive  properties.  Their  pdtafisiuni  gaits 
are,  however,  ahnn^t^t-  Cabbage^  ttirnips,  and  as^VHftis  eoiitam 
"Soto  g2  water,  i  to  2  proteid,  2  to  4  cartjohydmtea,  and  i  to 
f  '5  cellulose  per  cent^  The  small  amount  of  ntitrimenl  in  most 
green  foods  accoimts  for  the  large  meals  made  by,  and  the  vast 
capacity  of  the  alimentary  canal  of,  herbivorous  animals. 
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CHAPTER    XXIX. 

SECRETING    GLANDS* 

Before  jmsdng  on  to  the  action  of  the  digeative  Becredotm  on 
foods,  it  will  be  well  to  discuss  some  of  the  general  aspects  of  the 
question,  and  the  varieties  of  glands  by  means  of  which  tbae 
substances  fire  foimed. 

It  is  the  fuoctiou  of  gland  cells  to  produce  by  the  metaboliflm 
of  their  protoplasm  certain  aabstdncea  called  secretions,  Tbew 
materials  are  of  two  kinds ;  viz.,  those  which  are  employ«i  for 
the  purpose  of  serving  some  ulterior  office  in  the  economy,  and 
those  which  are  discharged  from  the  body  m  useless  or  injuricKu. 
In  the  former  ease  the  separated  materials  are  termed  secretiont; 
in  the  latter  they  are  termed  exctrtiont. 

The  secretionsj  as  a  rule,  consist  of  subfltanc^  which  do  not  pre^ 
exist  in  the  same  form  in  the  blood,  but  require  special  cells  aod 
a  process  of  elaboration  for  their  formation,  e.g.y  the  liver  cells  for 
the  formation  of  bile,  the  mammary  gland-celb  for  the  formation 
of  milk.  The  excretions,  on  the  other  baud,  commonly  consist  d 
substances  which  exist  ready- formed  in  the  blood,  and  are  merely 
abstracted  therefrom.  If  from  any  cause,  such  as  extensive 
disease  or  extirpation  of  an  excretoiy  organ,  the  separation  of  an 
excretion  is  prevented,  and  an  accumulation  of  it  in  the  blood 
ensues,  it  frequently  escapes  through  other  organs,  and  may  be 
detected  in  various  fluids  of  the  body.  An  instance  of  this  is  seen 
after  the  kidneys  have  been  removed.  Urea  then  accumulates  in 
the  blood.  But  this  is  never  the  case  with  secretions ;  for  after 
the  removal  of  the  special  organ  by  which  each  of  them  is  manu- 
factured, the  secretion  is  no  longer  formed. 

The  circumstances  of  their  formation,  and  their  final  destina- 
tion, are,  however,  the  only  particulars  in  which  secretions  and 
excretions  can  be  distinguished  ;  for,  in  general,  the  structure  of 
the  parts  engaged  in  eliminating  excretions  is  as  complex  as  that 
of  the  parts  concerned  in  the  formation  of  secretions.  And  since 
the  differences  of  the  two  processes  of  separation,  corresponding 
with  those  in  the  several  purposes  and  destinations  of  the  fluids, 
are  not  yet  ascertained,  it  will  be  sufficient  to  speak  in  general 
terms  of  the  process. 

Every  secreting  apparatus  consists  essentially  of  a  layer  of 
secreting  cells  arranged  round  a  central  cavity ;  they  take  from 
the  lymph  which  bathes  them  the  necessary  material  and  trans- 
form it  into  the  secretion  which  they  pour  into  the  cavity. 
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The  prioctpal  eeereting  organB  are  the  following  ; — (i)  the 
serous  and  synovial niembrjinea  ;  (2)  the  mucous  membranes  with 
their  special  glands,  t.g.^  the  buccal,  gastric  and  intestitml  glands  ; 
(3)  the  salivary  glands  and  pancreas  ;  (4)  the  mammarj  glands  ; 
(5)  the  liver;  (6)  the  lacrimal  gland;  (7)  the  kidney  and  skin; 
ADd  (8)  the  testes. 

Serous  membraneB. — We  hare  already  discussed  the  etnio- 
ture  of  serous  membranes  (p,  196),  and  also  the  question  whotber 
"lie  lymph  is  a  true  secretion  (pp.  310 — 31a). 


.€3^% 


-<^ 


Wig*  379. — S*ctioo  t»l'  aroorlAl  m^mlima?.  «» epttheUiJ  ooreris^  of  t^e  cleif*ti<nii  oTtbe 
memlinne  ;  h,  undertriiig  ti«Ui>  cs(mt*lnmg  fat  and  bhwd-teaMk;  i,  Ug«ineiit  coroted 
\ff  the  synoTiAl  meimbrvie.    (CH4i&t.) 


Th©  synoviftl  membranea  line  the  joints  and  the  sheaths  of 
tendons  and  ligaments  with  which  we  may  include  the  synovial 
^iirjoe.  The  contents  of  these  saos  is  called  s^&iria;  it  lubricates 
the  surfaces  of  the  joiyt  and  so  ensures  an  easy  movement. 
Synovia  is  a  rich  lymph  pln4  a  mucinoid  material ;  and  it  is  this 
latter  constituent  which  gives  the  secretion  its  viscidity.  It  is 
tbns  a  true  secretion ;  and  ia  formed  by  the  epithelial  cells  which 
form  an  imperfect  lining  to  the  sac,  aod  which  arc  espeeially  accu- 
mulated on  the  processes  of  the  synovial  fringes  (fig.  379)- 

A  mucous  membrane  consists  of  two  parts ;  the  eptthditim 
on  its  surface^  and  the  tortum  of  connective  tissue  beneath.     The 
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epithelium .  generally  rests  on  a  basement  membmie  whicb  ii 
usually  composed  of  dear  flattened  cells  placed  edge  to  edge. 

The  name  mucous  is  derived  £rom  the  fiftct  that  these  membraiwi 
all  secrete  mucin,  the  chief  constituent  of  mucus  ;  this  maj  be 
formed  from  the  surface  epithelium  cells  breaking  down  into 
goblet  cells  (see  p.  29),  or  an  analogous  process  may  occur  in 
the  cells  of  little  glands  called  mucous  glands,  situated  more  or 
less  deeply  under  the  epithelium,  and  opening  on  the  surface  by 
ducts.  Many  mucous  membranes  (e.^.,  that  of  the  stomach)  fonn 
other  secretions  as  well. 

Mucous  membranes  line  all  those  passages  by  which  internal 
parts  communicate  with  the  exterior,  and  by  which  either  matten 
are  eliminated  from  the  body  or  foreign  substances  taken  into 
it.  The  principal  tracts  are  Gcutro-pulmonary  and  Gentto-urinary : 
the  former  is  sulxliyided  into  the  Digestive  and  HespircUonf 
tracts. 

Secreting  glands  may  be  classified  according  to  certain  types 
which  arc  the  following : — i.  The  simvle  tubular  gland  (a,  fig.  380), 
examples  of  which  are  furnished  by  the  ciypts  of  Lieberkiihn, 
in  the  intestinal  wall.  They  are  simple  tubular  depressions  of 
the  mucous  membrane,  the  wall  of  which  is  formed  of  a  basement 
membrane  and  is  lined  with  secreting  cells  arranged  as  an 
epithelium.  To  the  same  class  may  be  referred  the  elongated 
and  tortuous  sudoriferous  glands. 

2.  The  compound  tubular  glands  (d,  fig.  380)  form  another 
division.  These  consist  of  main  gland-tubes,  which  divide  and 
sub-divide.  Each  gland  may  be  made  up  of  the  subdivisions  of 
one  or  more  main  tubes.  The  ultimate  subdivisions  of  the  tubes 
are  generally  highly  convoluted.  They  are  formed  of  a  basement- 
membrane,  lined  by  epithelium  of  various  forms.  The  larger 
tubes  may  have  an  outside  coating  of  fibrous,  areolar,  or 
muscular  tissue.  The  kidneys  and  testes  are  examples  of  this 
type. 

3.  The  racemose  glands  are  those  in  which  a  number  of  vesicles 
or  acini  are  arranged  in  groups  or  lobules  (c,  fig.  380).  The  Meibo- 
mian follicles  are  examples  of  this  kind  of  gland.  Some  glands  like 
the  pancreas  are  of  a  mixed  character,  combining  some  of  the  cha- 
racters of  the  tubular  with  others  of  the  racemose  type ;  these  are 
called  Uibido-^ncemose  or  tuhuUxicinov^  glands.  These  glands  differ 
from  each  other  only  in  secondary  points  of  structure,  but  all  have 
the  same  essential  character  in  consisting  of  roimded  groups  of 
vesicles  containing  gland-cells,  and  opening  by  a  common  central 
cavity  into  minute  ducts,  which  ducts  in  the  large  glands  con- 
verge and  unite  to  form  larger  and  larger  tubes,  and  at  length 
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open  by  one  common  trunk  on  a  free  surface.  The  larger 
imoemoee  glands  like  the  saliyary  glands  are  called  compound  race- 
MOM  glands.     On  internal  secretions,  see  p.  313. 


Vig.  380.— Diagram  of  types  of  Mcretmg  glands,  a,  simple  glands,  viz.,  ^,  straight  tube ; 
h,  mac ;  t,  coiled  tube,  b,  muHiloomar  crypts ;  i^  of  tubular  form ;  2,  saccular, 
c,  racemoee,  or  saccular  compound  gland ;  m,  entire  gland,  showing  branched  duct 
and  lobular  structure ;  n,  a  lobule,  detached  with  o,  branch  of  duct  proceeding  from 
it.    D,  oon^pound  tobalar  f^and.    (Sharpey.) 
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CHAPTER    XXX- 

SALIYA, 

The  saliva  h  formed  bj  three  pairs  of  Balivary  gland^  t^led 
the  parotid^  submasiUarj,  and  subhugual  glands. 


The  Salivary   GLanda. 

These  ai-e  typical  secreting  glaiids.  They  are  made  up  of 
lobules  united  by  connective  tisaue.  Each  lobule  is  made  of  t 
group  of  tubtilo-aaccular  alvfoli  or  acini,  from  which  a  duel 
passes;  this  unit^a  with  other  ducts  to  form  larger  aod  larger  tubei^ 
the  main  dact  opening  into  the  mouth. 

Each  alveolus  is  surrounded  by  a  plexus  of  capillaries;  the 


Fig.  381.— From  a  section  through  a  aalivaiy  gland,    a,  seronv  or  albuminouB  alTeoli ; 
6,  intralobular  duct  cut  transversely.    (Klein  and  Noble  Smith.) 

lymph  Avhich  exudes  from  these  is  in  direct  contact  with  the 
b€isemcnt  membrane  that  encloses  the  alveolus.  The  basement 
membrane  is  lined  by  secreting  cells  which  surround  the  centra] 
cavity  or  lumen.  The  basement  membrane  is  thin  in  many 
places  to  allow  the  lymph  more  ready  access  to  the  secreting 
cells ;  it  is  continued  along  the  ducts. 

The  secreting  epithelium  is  composed  of  a  layer  of  polyhedral 
cells. 

The  epithelium  of  the  ducts  is  columnar,  except  where  it  passes 
into  an  alveolus ;  at  this  point  it  is  flattened.  The  columnar 
epithelium  cells  of  the  ducts  exhibit  striations  in  their  outer  part 
(see  fig.  38 1 )  ;  the  inner  zone  of  each  cell  is  made  of  granular  proto- 
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plamn.     The  largest  ducts  have  a  wall  o!  conoectiTe  tlsBue  outside 
the  baaetnent^membranef  aud  a  few  tin  striated  mtiBcular  fibreg. 

The   secreting   cells   differ   according  to  the   siibstauce   they 
secrete.      In  alveoU  that  secrete  mucin  (such  as  those  in  the  dog^s 


|9%.  3fti. 


of  Hib-iDAKiUA^  fflJLnd  of  da£.  StitTwing  ^nad^ieUi,  fc,  and  »  dudi  «^  K 

I tubm axillary,  and  some  of  the  alveoli  in  the  human  submaxillary), 
Itbe   cells  after  treatment  with   wat«r  or  alcohol   are  clear  and 


Stf .  t§j,— SectifOti  tlirmigh  a  mu&ntft  ffUad  hudencd  in  iLcobaL    Thts  tlveoU  are  lined 
wnli  ixmxmsmeul  mwxnA  isdli,  ud  uutaide  thew  tan  the  demfliouii.    (HeidenluiliiO 


swollen  (fig*  383) ;  this  is  the  appearance  they  usually  present  in 
sections  of  the  organ.  But  if  examined  in  their  natural  state  by 
teasing  a  portion  of  the  fresh  gland  in  serum,  they  are  seen  to  be 
oocupied  by  large  granules  composed  of  a  substance  known  as 
mmi^^n  or  mucino^er^  When  the  gland  is  active,  niucigen  is 
tmnsformed  into  mucin  and  digcharged  m  a  clear  droplet  of  that 
iuibatance  into  the  lumen  of  the  alveolus*     Outside  these  are 
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smaller  uelk  containing  no  mucigen ;  these  marginal  oelU 
darkly,  and  generally  form  creBcentitj  groups  {(^re-tcefUt  Of 
tunes  of  GianuzKi)  next  to  the  basement  membrauo.  ThcTbeooaie 
iJi  turn  trarisfonned  intxj  mucin -bearing  c^USj  when  the  centn] 
cells  luivo  disintegrated. 

In  those  alveoli   wbich  do  not  secrete  mucin,   but  m  wntery 


Fig.  ^84.— A  port  nf  ft  wctkin  thrnn^  a  mu^^nun  ^rluid  alfeer  prainagid  deotri^Al  tftJaikli- 
tioni.    The  atfooli  i.Te  Uned  with  Bm&il  ^Tvunlm-  oeIl»,     fLAvdOTilLj 

nOD- viscid  saliva  (piimtid,  and  some  of  tKe  alveoli  of  tbe  hnmm 
snbmaxinary)^     the    cells    are    tilled    with    Bmall    graouJes  of 


Wig.  jSs,— Alveoli  of  p&nidd  ^Inad.  A,  before  aeCK^tm ;  B,  La  the  flnft  ictafe  of  BocnCidn 
C,  after  proI«ai|^  socrciiiiit,     (Lao^Ic^.) 

albumiBOiis  nature.  Such  alveoli  are  called  Berom  or  al&ummmtt 
to  distinguit^i  them  from  the  mucous  aJveoli  we  have  just  de^ 
Boribed. 

These  yield  to  the  secretion  its  ferment^  ptyalim.  ITio 
granular  subs  tan  oe  within  the  oell  is  the  mother  aubataikoe  of 
the  ferment  (tpnu**}^^)^  not  the  ferment  itself.  It  is  conviftad 
into  the  ferment  in  the  not  of  secretion .  We  shall  etndj  1k6 
question  of  zymogens  more  fully  in  connection  with  the  pisim 
glanda  and  the  panerejis  where  they  have  beeu  separated  from 
the  ferments  by  cherQical  mBthodA.    lu  th^  esae  of  saliva  we  mif 
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term  the  xjmogeti,  ptpitU^uogm  praviaioimllj,  but  it  limt  never 
n  anti  a  factor!  !v  septtnited  chemically  from  ptyiilitu 
After  secretion,  duw  to  the  administration  of  food  or  of  such  a 
drug  as  pilocarpine,  the  cells  shrink,  they  stain  more  readily,  their 
ntMslifti  become  more  couspicnous,  and  the  outer  part  of  eaeh  cell 
beooiues  clear  and  free  from  granuied  (fig.  5S5). 


The  Secretory  H"erves  of  SallTary  Glands. 

nen-c-fibres   which    are   derived   from   cranial   and   sym- 
nerves  mmify  between  the  gland  cells,  but  have  never 

tctnally  beeu  traced  into  them. 

Tliese  nerves  control  and  regulate  the  secretion  of  saliva. 

The  genenil  truth  concerning  the  existence  of  secretory  nerves, 

we  have  already  become  acquainted  witli  (p.  16  j ),  The  stibject  has 

been  worked  out  most  thoroughly  in  counection  with  the  salivary 

gknds,  particularly  the  submaxillary  gland  in   dog,  rabbit,  &C., 

wtiidi  we  will  take  first. 
The  Submaxillary  and  Sublingual  Glands. — ^These  glands 

receive  two  seta  of  nerve-fibres ;  namely,  from  the  chorda  tympani 

md  the  sympathetic* 

The  chtmfa  tpnpani  is  given  off  from  the  seventh  cranial  nerve 
in  tlic  region  of  the  tympanum.*  After  quitting  the  temporal 
bone  it  passes  downwards  and  forwards,  and  joins  the  lingual 
netre,  with  which  it  is  bonnd  up  for  a  abort  distance.  On  leaving 
the  lingual  nerve  it  traverses  the  mfbnmxillar}/  f/anijlion  ;  it  then 
tuns  parallel  to  the  duct  of  the  gland,  gives  oS'a  branch  to  th© 
lablingual  gland,  and  others  to  the  tongue.  The  main  nerve 
alters  the  hilus  of  the  submaxillary  gland,  where  it  trnvenjes  a 
seconii  ganglion  eoncealefl  within  the  substance  of  the  gland,  and 
which  may  be  called  after  its  discoverer,  Latt^ky^^  ganglion. 

The  s^patketic  branches  to  these  two  glands  are  derived  from 
the  pleius  around  the  facial  artery,  and  accompany  the  arteries 
ftliich  supply  the  glands. 

MSfctimi  of  the  nerves  produces  no  immediate  result ;  but  after 
a  few  days  an  abundant  secretion  of  thin  watery  saliva  takes 
place;  tbia  is  called  jtMira/y^ic  secrftwi^  and  is  produced  either  by 
the  activity  of  the  local  nervous  mechanism,  which  ts  then 
uncontrolled  by  impulses  from  the  central  nervous  system ;  or 
ilse,  it  is  a  degenerative  effect  analogous  to  the  fibrillar  oontrac- 

*  Tlioogh  tbe  chorda  tympani  lb  yaually  spoken  of  as  a  braQCb  of  Uie 
turraitb  or  facial  nerve^  it  i«  probable  tbat  its  fibres  are  derived  from  the 
g,  which  commuflicfttei  with  the  facial  in  the  tympanam. 
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tions  which  occur  in  degenerating  muscles  after  severance  of  their 
nerves.  If  the  operation  is  performed  on  one  side,  the  glands 
of  the  opposite  also  show  a  similar  condition,  and  the  thin  saliva 
secreted  there  is  called  the  arUUytic  secretion. 

Stimtdation  of  the  peripheral  end  of  the  divided  chorda 
tympani  produces  an  abundant  secretion  of  saliva,  which  ig 
accompanied  by  vaso-dilatation  (see  p.  301). 

Stimulation  of  the  peripheral  end  of  the  divided  sympathetic 
causes  a  scanty  secretion  of  thick  viscid  saliva,  accompanied  by 
vaso-constriction. 

The  abundant  secretion  of  saliva,  which  follows  stimulation  of 
the  chorda  tympani,  is  not  merely  the  result  of  a  filtration  of  fluid 
from  the  blood-vessels,  in  consequence  of  the  largely  incraHed 
circulation  through  them.  This  is  proved  by  the  fact  that|  wImd 
the  main  duct  is  obstructed,  the  pressure  within  it  may  oonoder- 
ably  exceed  the  blood  pressure  in  the  arteries,*  and  also  tfaatwim 
into  the  veins  of  the  animal  experimented  upon,  some  aitopmehu 
been  previously  injected,  stimulation  of  the  peripheral  end  oC  tihe 
divided  chorda  produces  all  the  vascular  effects  aa  be&)0%  iridioat 
any  secretion  of  saliva  accompanying  them.  Again,  if  an  aaimal'i 
head  is  cut  off,  and  the  chorda  be  rapidly  exposed  and  itinuililed 
with  an  interrupted  current,  a  secretion  of  saliva  eanm  for  a 
short  time,  although  the  blood  flow  is  necessarilj  absent 
These  experiments  serve  to  prove  that  the  chorda  oontahii  two 
sets  of  nerve  fibres,  one  set  {vaso-dilatator)  which,  when  stiinn- 
lated,  cause  the  vessels  to  dilate ;  while  another  aet^  which  an 
paralysed  by  atropine,  directly  stimulate  the  cells  themselTeB  to 
activity,  whereby  they  secrete  and  discharge  the  constituenta  of 
the  saliva  which  they  produce.  On  the  other  hand,  ihe  sym- 
pathetic fibres  are  also  of  two  kinds,  vaso-constrictor  and 
secretory,  the  latter  being  paralysed  by  atropine.  The  chorda 
tympani  nerve  is,  however,  the  princip«d  nerve  through  which 
efferent  impulses  proceed  from  the  central  nervous  system  to 
excite  the  secretion  of  these  glands. 

The  function  of  the  ganglia  has  been  made  out  by  Langley  bj 
the  nicotine  method  (see  p.  295).  At  one  time  the  submaxillaiy 
ganglion  was  supposed  to  be  the  seat  of  reflex  action  for  the 
secretion.  This,  however,  is  not  the  case.  The  ganglia  are  cell- 
stations  on  the  course  of  the  fibres  to  the  submaxillary  and 

*  The  student  should  not  fall  into  the  error  of  supposing  that  the  saliYi 
is  normally  secreted  at  such  hiph  pressure.  If  it  were  so  the  saliva  would 
spurt  from  the  salivary  duct  with  greater  force  than  the  blood  would  spurt 
from  the  arteries  when  they  are  cut.  The  high  pressure  alladed  to  in  the 
text  only  occurs  when  the  duct  is  obstructed. 
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U  gUuida.  Nicotiue  applied  local) j  hB&  the  power  of 
ftiiig  nerve-celK  t>ut  not  nerve-fibres.  If  the  submaxiUarj 
on  is  painted  with  nicotine,  and  the  nerve  stimulated  on  the 
y  aide  of  the  ganglionj  secretion  from  the  submaxjllary 
It  ooiitinueK,  but  that  from  the  sublingual  gland  ceases.  The 
^sed  nerve-eeUs  in  the  gan|jlion  act  as  blocks  to  the  propaga- 
If  the  impulse,  not  to  tl>e  suboiasillarj,  but  to  the  suhUn^pial 
(,  The  cell  atatiou  for  the  submaxillary  fibres  is  in  Langlej^s 
^n, 
irotid  Glands — This  gland  also  receives  two  seta  of  nerve^ 


M.— DiaxTikmmfttic  icvpraaxUtioci  of  the  ^uhmaxAlbjrY  ^Wnd  of  the  d^?  with  ittt 
pfm  «aa  hlood-ineHeLa.  CTttiii  i*  iwt  intead^x]  to  illuiEtiftte  Ihe  «][»ct  aiutaiEuoal 
ptiaEia  of  the  KTend  stractufes.)  m».  gid.^  the  KubmaxiUu^  sluid  into  tbt  dnet 
!»  ^0  of  wKich  a  ^aiititila  hjL»  hf^tm  ticdn  The  mublioguAl  gland  «Ild  dtict  uid 
pfler'a  emnglkm  art'  not  Hhown.  n.  L.  n.  L\  the  lioirmiL]  or  gua^tory  hcttc; 
fL.  ek*  *.  ♦  the  chorda  tympani  pTocecdiogr  from  tbo  faciiLl  ci«rf«,  bnsoiBlng  con- 
bk«*d  vith  the  linguml  &t  u.  L\  iiod  afterwards  divragj Off  utd  pauin^  to  the  fluid 
iDf  tbfl  duct;  tttt,  gL,  eubioaiilliuy  gon^lioii  with  it»  imotH;  »,  i,^  the  Iio^uaI 
t^F  prooc^eding  to  th«  tongtie ;  a.  rnr.,  the  (stroi^d  uiterj*  two  brui£h«  of  woich^ 
JIM.  rt,  and  " 

Ijtenar  and 


tm,  Ak  aad  r,  hi.  «.  imiu  tiTthfl  imterioT  and  posterior  pafte  of  the  ^lajid  ;  v,  sm„  the 
Ijtenar  and  fMOfUniyr  v^ii«  ^rom  the  iifknd  tiidiiig  in  i%>.^  th«  jugiiltir  vt^in ;  v.  «um,, 
#  (nnJaioM  TDgiu  uid  STmpftthetir  tnmk» ;  ^L  err.  a.,  the  BUpenor-ceirv^m]  ^raofffjoQ, 


n  hnnches  of  which  formjni?  a  pl^aciUp  a.  /.,  over  the  faeml  uteiy  ue  dutifDated 
i  *f  m ,  fm.  J  mloijg  th<?  two  iirbindiihur  artcnes  to  the  anterior  MOd  pqgteHor  portioti  of 
Rfliind.  The  lUTOWEf  indicate  the  direction  taken  by  the  neirooH  impulBeM ;  diuine 
poi  ^imulationt  of  th^  trland  fhcj  Mcend  to  thu  hrulD  h^r  the  linsiutl  und  dencend 
f|i«  ohord*  tympftni,     [H.  Foster,) 

p  analogous  to  those  we  have  studied  in  connection  with  the 
ttaiillaiy  gland.  The  principal  secretory  nerve-fibreB  are 
l^haTTngeal  in  origin;  the  sympathetic  is  mainly  vaso- 
piCtor,  but  in  some  animals  does  contain  a  few  secretory 
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When  secretory  nerves  are  atimulated,  the  main  wstilt  h 
secretion  leading  to  a  diminution  of  the  granules  in  tke  celk 
The  acoompanymg  Tascular  condition  determioeft  the  quantitj  of 
saliva  secreted.  Electrical  changes  also  aceompanj^  secitetDrj 
activity.  A  rise  of  temperature  is  stated  by  some  to  occur,  but 
if  this  is  the  case  it  is  very  slight,  so  that  some  obserrefB  hvtt 
not  been  alile  to  detect  it 

Reflex  Secretion. — Uuder  ordinary  circunostancee  the  aecre- 
tion  of  saliva  is  a  reflex  action.  The  principal  afferent  nerves  lut 
those  of  taste;  but  the  smell,  or  sight  of  food  will  also  cause  "tte 
month  to  water  ;  ^'  and  uuder  certain  circumstances,  as  before 
vomiting,  irritation  of  the  stomach  has  a  similiu'  e^eot.  These 
sensory  nerves  stimulate  a  centre  in  the  medulla  from  whicii 
efferent  secretory  impulses  are  reflected  along  the  secretory  nercei 
(chorda  tyinpani,  &c.)  to  the  glands. 

Extirpation  of  the  Salivary  Gianda. — These  mmj  ba 
removed  without  any  harmful  effects  in  the  lower  animals. 

The  Saliya. 

The  saliva  is  the  first  digestive  juice  to  come  in  contact  ynih 
the  food.  The  secretions  from  the  different  salivary  glands  difler 
somewhat  in  composition,  but  they  are  mixed  in  the  mouth ;  th€ 
secretion  of  the  minute  mucous  glands  of  the  mouth  and  a  certain 
number  of  epithelial  cells  and  dSris  are  added  to  it.  The  so- 
called  '  salivary  corpuscles '  are  derived  from  the  glands  them- 
selves or  from  the  tonsils. 

On  microscopic  examination  of  mixed  saliva  a  few  epithelial 
scales  from  the  mouth  and  salivary  corpuscles  from  the  salivarr 
glands  are  seen.  The  liquid  is  transparent,  slightly  opalescent, 
of  slimy  consistency,  and  may  contain  lumps  of  nearly  pure 
mucin.  On  standing  it  becomes  cloudy  owing  to  the  precipitation 
of  calcium  carbonate,  the  carbonic  acid,  which  held  it  in  solution 
as  bicarbonate,  escaping. 

Of  the  three  forms  of  saliva  which  contribute  to  the  mixture 
found  in  the  mouth  the  sublingual  is  richest  in  solids  (2*75  per 
cent.).  The  submaxillary  saliva  comes  next  (2"i  to  2*5  per  cent.). 
When  artificially  obtained  by  stimulation  of  nerves  in  the  dog  the 
saliva  obtained  by  stimulation  of  the  sympathetic  is  richer  in 
solids  than  that  obtained  by  stimulation  of  the  chorda  tympanL 
The  parotid  saliva  is  poorest  in  total  solids  (0*3  to  0*5  per  cent), 
and  contains  no  mucin.  Mixed  saliva  contains  in  man  an  average 
of  about  o'5  per  cent,  of  solids :  it  is  alkaline  in  reaction,  due  to 
the  salt^  in  it;  and  has  a  specific  gravity  of  1,002  to  I9O06. 
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Maeju  ;  thh  muy  be  precipitatM  by  a^tlc  itcjd. 
rftmnio  ^  **  Ptyalin  :  »»  nmyJolytic  fermcnL 


\f. 


e.  Proteid  :  of  the  tinture  of  a  globulin. 
d.  PotAMiuin  solphocjanide. 

BodJnm  chloride  :  the  miD^t  abuDilunt  ^It. 

Other  «alts :    aodliim   c^tctionatet  calcium  phosphate  and 
carbonate  ;  rmig^Qcsiam  phosphate  ;  potasmtmi  cbloride. 


The  action  of  saliva  is  twofohl,  physical  aud  chemical. 
The  phvsical  use  of  aiiHva  con»ist8  ill  raoiBteiiing  the  mucoua 
ambmne  of  the  moutb,  asBiiitiijg  the  solutiou  of  soluble  sub- 
aoes  in  the  food,  and  hi  Tirtue  of  \te  muem^  lubricating  the 
bolus  of  food  to  facilitate  aw  allowing. 

The  chemioil  actioa  of  ealiva  is  due  to  ita  active  principle, 
ptyalitL     This   stilistaiice   l>alonga   to   the  class  of   unoi^anised 
aents,  and  to  that  special  class  of  unorganised  ferments  which 
called  amjloljtic  (starch  splitting)  or  dia^tatic  (resembling 
the  dmUar  ferment  in  germinating  barley  and  other 
graini). 

The  starch  is  first  split  into  dextrin  and  maltose ;  the  dextrin 
is  Bwbsequently  converted  into  maltose  also :  this  occurs  more 
quickly  with  erythro-clextrin,  which  gives  a  red  colour  with 
iodine,  than  with  the  other  variety  of  dextrin  called  achnxKiextrin, 
which  gives  no  colour  with  iodine.     Brown  tmd  Monia  give  the 


io(C,H,„0^„  +  4bH,0 


liaultoMl        [fliihrcHMlfartrinl      (erytlirtMlintrln) 


Ptjalin  acts  m  a  similar  way,  but  more  slowly  00  glycogen :  it 
haa  no  action  on  celluJose  ;  heuce  it  is  inoperative  ou  unocx>ked 
starch  gra-ins,  for  in  them  the  cellulose  layers  are  intiict. 

Ptyalin  acts  best  at  about  the  temperature  of  the  body  (55- 
40°  CX),  It  acts  beat  in  a  neutral  medium ;  a  sraall  amount  of 
alkali  makes  but  little  diflerence ;  a  very  small  amount  of  acid 
Jitopa  its  activity.  The  conversion  of  starch  into  sugar  by  saliva 
in  the  stomach  continues  for  iv  abort  time  {15  to  30  minutes).  It 
then  ceaaes  owing  to  the  hydrochloric  acid  secreted  by  the  glands 
of  the  stomach.  The  acid  which  is  first  poured  out  neutralises 
the  saliva,  and  combines  with  the  pmteids  of  the  food,  but  when 
free  acid  appears  ptyalin  is  destroyed,  and  so  it  cannot  resume 
work  when  the  acid  is  neutmlised  in  the  duodenum.  Another 
amyloly tic  ferment  coutaiued  in  pancreatic  juice  (to  be  considered 
liiter),  however,  digests  starch  in  the  intestine. 
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CHAPTER   XXXI. 


THE  GASTRIC  JUICE. 


The  juice  secreted  by  the  glands  in  the  mucous  membrai^^i^  ^^ 
the  stomach  varies  in  composition  in  the  different  regions,  bu^^K  ^^^ 
mixed  gastric  juice,  as  it  may  be  termed,  is  a  solution  of  a  pi — «^>te^ 
lytic  ferment  called  jitpsin  in  a  saline  solution,  which  also  con.  Mniug 
a  little  free  hydrochloric  acid. 

The  gastric  juice  can  be  obtained  during  the  life  of  an  KKMitaal 
by  means  of  a  gastric  fistula.*     Gastric  fistula)  have  also    teen 
made  in  human  beings,  either  by  accidental  injury  or  by  Bnr^ffica] 
operations.     The    most   celebrated   case   is   that   of   Alexis  St 
Martin,  a  young  Canadian,  who  received  a  musket  wound  iu  tiie 
abdomen  in  1822.     Observations  made  on  him  by  Dr.  Beaumont 
formed  the  stiirting-point  for  our  correct  knowledge  of  the  pbyaio- 
logy  of  the  stomach  and  its  secretion. 

We  now  make  artificial  gastric  juice  by  mixing  weak  hydro- 
chloric acid  (o*2  per  cent.)  with  the  glycerine  extract  of  the 
stomach  of  a  recently-killed  animal.  This  artificial  juice  wti 
like  the  nonnal  juice. 

Two  kinds  of  glands  are  distinguished  in  the  stomach,  which 
differ  from  cacli  other  in  their  position,  in  the  character  of  their 
epithelium,  and  in  their  secretion.     Their  structure  will  be  found 
described  on  pp.  430,  431.     We  may,  however,  repeat  that  the 
card  if  tc    ijlamh    are   those    situated   in   the   cardiac  part  of  tb^ 
stomach  :  thoir  ducts  are  short,  their  tubides  long  in  proportion-' 
The  latter  are  tillo<i   with  jx>lyhedral  cells,  only  a  small  lume^"^ 
being  left:  tliov  are  more  coarsely  gnmular  than  the  cofrespoDdiD^^. 
cells  in  the  pyloric  glands.     They  are  called  principal  or  centra^^ 
cells.      Hi'twi'i'u  them  and  the  bastmient  membrane  of  the  tubul^^^^^ 
are  other  colls  which  stain  readily  with  aniline  dyes.     They  SK^^^ 
cnlled   jHtrutnl  or    ori/nfir    cells.     The  pyloric  glamd»y    in   the 
pyloric  pirt  of  the  Rt4>inach,  have  long  ducts  and  short  tubule 
lined  with  cubic^il  granular  cells.     There  are  no  parietal  cells. 

The  central  cells  of  the  canliac  glands  and  the  cells  of  th^^  ' 
pyloric  glands  are  loadcil  with  granules.      During  secretion  thejfs^^" 


•  A  ^'astric  ii«.inla  is  matk:  by  cuttiii^^  tlimu^rh  the  ahdominal  wall  w  >g^"*^^,, 
to  exp<>^e  tlu- st<»iim<-li.     The  stoniuch  is  ilun  attachwi  to  the  cdgct*  of  tb^'    ^^^f 
Alxloniinal  wnuml.  ami  a  Miiall  oriHiv  is  tiiially  ina«lc  thnnigh  the  wall  tv^^  ^^ 
the  stoniach.     Whfii   tlu' wouini  heals  there  is  fh«'ii  a  free  communication' 
)H;twecu  the  stomach  ami  tlie  exterior.. 


CH.XXXI.  THE    (JASTIUC    (i LANDS.  4^7 

di><-''»'iri-'^*  their  ^n'Jiimlos,  those  that  iviliaiii  Ijcin^;  chielly  situ;ae<l 
near  the  hinieii,  leaving  in  eueh  cell  a  clear  outer  zone.      These 
are  the  cells  tliat  secrete  the  pepsin.     Like  secreting  cells  gener- 
ally, tLey  select  oertaiu  materials  from  the  lymph  that  bathes 
tLem  ;    these    materials   are    worked    up   by    the   protoplasmic 
activity  of  the  cells  iuto  the  secretion,  which  is  then  discharged 
into  the  lumen  of  the  gland.     The  most  important  substance  in 
a  digestive  secretion  is  the  ferment.     In  the  case  of  the  gastric 
juice  this  is  pepsin.     We  can  trace  an  intermediate  step  in  this 
process  by  the  presence  of  the  granules.     The  granules  are  not, 
however,  composed  of  pepsin,  but  of  a  mother-substance  which  is 
readily  converted  into  pepsin.     We  shall  find  a  similar  fcnnent 
precursor  in  the  cells  of  the  pancreas,  and  the  tenn  zymo(jeii  is 
Applied  to  these  ferment  precursors.     The  zymogen  in  the  gastric 
cells  is  called  pepsinogen.     The  rennet-ferment  or  rcnnin   that 
causes  the  curdling  of  milk  is  distinct  from  pepsin,  but  is  formed 
l)y  the  same  cells. 

The  parietal  cells  undergo  merely  a  change  of  size  during 
secretion,  being  at  first  somewhat  enlarged  and  after  secretion  they 
are  somewhat  shrunken.  Tliey  are  also  called  oxyntic  (acid-form- 
ing) cells,  becaiwe  they  secrete  the  hydrochloric  acid  of  the  juice. 
Heideiihain  succeeded  in  making  in  one  dog  a  ad-de-»ac  of  the 
fundus,  in  another  of  the  pyloric  region  of  the  stomach;  the 
former  secreted  a  juice  containing  lK>th  acid  and  pepsin;  the 
Utter,  parietal  cells  being  absent,  secreted  a  viscid  alkaline  juico 
containing  pepsin.  The  formation  of  a  free  acid  from  the  alkaline 
blood  and  lymph  is  an  important  problem.  There  is  no  doubt 
that  it  is  formed  from  the  chlorides  of  the  blo<Kl  and  lymph,  and 
of  the  many  theories  advanced  as  to  hpw  this  is  done,  Maly'g 
tSy  on  the  whole,  the  most  satisfactory.  He  considers  that  it 
originates  by  the  interaction  of  the  calcium  chloride  with  the 
di-sodium  hydrogen  phosphate  of  the  blood,  thus : — 

2Na,HP0^+  SCaCl^  =  Ca,(rO,)^+  4NaCl  -f  2HC1 

[fti-tmdiam         [C4ilciaiii  [calcium  [Hodinin       (liydrr>- 

hydix^an  obloriito]       phoMpliate]        cliKirnle]      chloric 

phonphate]  acid] 

or  more  simply  by  the  interaction  of  sodium  chloride  and  sodium 
di-hydrogen  pliosphate,  as  is  shown  in  the  following  equation  : — 

NaH2P0,+  NaCl  =  Na,HPO,  +  HCl 

Xiodiamdi-       [srMlium     [di-ooUiiiiii  [hydro- 

bvdroffen         cliloridf]     liydn>pfn  olilnrio 

pwMiMiato]  plK)Mphat4*1         arid] 

The  sodium  di-hydrogen  phosphate  in  the  above  ecjuation  is 

H  H  2 
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derived  from  the  interactiotj  of  the  di^flodium  hydn^«n  pbo^^hau 
and  the  carbouic  ajcid  of  the  blood,  thus  ; — 

Na^HPO^ +CO2+  Hfi  ^  NaHCO,+ NalLPO^. 

But,  as  Professor  Gamgce  has  pointed  out,  these  reactions  cu) 
hardly  be  crjiisidered  to  occur  iii  the  blood  generally,  hut  mtft 
in  the  oxyntic  eel  la,  wiiich  possess  the  necessary  seleetiTe  povcn 
in  reference  to  the  siiline  couatituenU  of  the  blood,  and  the  hydttK 
chloric  acid,  lua  sood  iia  it  is  formedj  passes  into  the  secfetion  d 
the  gland  in  consequence  of  its  high  power  of  diflueioti. 


Conipo8ltion  of  Gastric  Juice, 

The  following  Uibic  gives  the  percentage  compoaition  of  tkt 
gastric  juice  of  man  aud  the  dog  : — 


CutifttI 

tuvn^ 

. 

HiLitikfi.                1 

Dof. 

Water     . 

^ 

99'4+               ■ 

97-30 

Orpanic    subitancefl    C<^hieflj 

hS?'^"'^. 

032 

171 

020 

030 

CaCl. 

0'0o6            1 

006 

NaCl 

0^14              ■' 

025 

KCl 

005              1 

Oil 

,NH,C1     . 

1 

0-05 

Ca.(PO,). 

1 

017 

^i£y.' 

>     001              j 

002 

oxx>8 

One  sees  from  this  how  much  richer  in  all  constitueDts  the 
gastric  juice  of  the  dog  is  than  that  of  mian.  Camiyoroiis 
animals  have  always  a  more  powerful  gastric  juice  than  other 
animals  ;  they  have  more  work  for  it  to  do  ;  but  the  great  contrast 
seen  in  the  table  is,  no  doubt,  partly  due  to  the  fact  that  the 
persons  from  whom  it  has  been  possible  to  collect  gastric  juice 
have  been  invalids.  In  the  foregoing  table  one  also  sees  the 
great  preponderance  of  chlorides  over  other  salts :  apportioniDg 
the  total  chlorine  to  the  various  metals  present,  that  which 
remains  over  must  be  combined  with  hydrogen  to  form  the  free 
hydrochloric  acid  of  the  juice. 

Pepsin  stands  apart  from  nearly  all  other  ferments  by  requiring 
an  acid  medium  in  order  that  it  may  act.  Probably  a  compound 
of  the  two  substances,  called  pepsin-hydrochloric  acid,  is  the 
really  active  agent.  Other  acids  may  take  the  place  of  hydro- 
ebloric  acid,  but  none  act  so  well.     LaAtic  zM.  ta  often  foond  in 
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ic  J  nice  :  tlm  is  derived  by  fermentative  processes  from  the 


lyilnv-hlr-  riVMetif   lit  »>ra(i  difltrawfS  of  the  etoTnach  ;  thti  beet 

ar  tesN  t  'h-  ff*ll owing  ; — 

V  i;iiTi^;.  It   d.iii^;^r«  of  2  parte  o£  phlorogliicinot,   i  part  of 

•  I  apirit,     A  drop  of  filtercsi  ^istric  juice  is 

.        _  t     ■  V  of  the  rtiagBTiL     Red  crysjtab  foniL,  or  if 

pe^iouc  m  pitseiit,  thttre  will  b^  a  red  paste,     Tbe  reaction  takoH 

i  wiUi  I  part  of  hydrochloric  acid  in  lo.oocx    Tbe  orgaiiio  acids  do  uot 

I  the  reacUoti. 

TropwoHn  test.    Dropa  of  a  aatorat^l  Hulutltm  of  t  mpaeolin  hx»  in 

'  cent,  methylated  spirit  are  allowtxi  to  dry  on  a  pofcelaia  Ahh  at  40*  C, 

op  of  tbe  fluid  to  be  tested  is  pWed  on  the  trop^eolin  drop,  ttill  at 

:  and  if  hydrochloric  at^id  is  prtsflent^  n  violet  spot  is  left  when  thti 

I  has  eTopotHLttKi.    A  drop  of  0*006  per  cettt.  hydrochloric  acid  leaven  a 

inct  mark. 

acid  is  soluble  in  ether,  and  is  generally  deteoted  by  making  an 
L  cxtfjiet  of  the  atoniach  ccDtetits,  and  evaporating  the  ether,    if  luetic 
^It  pft^w^nt  in  the  rejidnc  it  may  be  identified  by  the  fuUuwing  way  : — 
A  ttiiution  of  dilute  ferric  chloride  and  carboiic  acid  ia  made  as  follows  : — • 
10  cc  of  a  4'per-cent,  solution  of  carbolic  acid. 
10  e,C  of  dii^tilled  water. 

t  dTO|i  of  the  liqaof  feiri  perchlorldi  of  the  Briti-ih  FharmacopcBia, 
On  mixing  a  fit^lutjon  containing  a  mere  trace  (tip  to  t  part  in  10,000)  of 
[IflC^c  acid  with  this  violet  Kv^lution,  it  is  instantly  turned  yellow.     Ltitgiir 
aimgnA  of  other  acids  (for  instance,  more  than  0*3  per  eeot*  of  hydro- 
r  meid)  are  nccafflary  to  decolorise  the  test  anlution* 


The  lanerration  of  the  Qaatrie  G^lands, 

lotig  ago  B&  I  $5  2  Bidder  and  Sehtnidt  showed  in  a  dog 
a  gastric  fistula  that  the  sight  of  food  caused  a  secretion  of 
;ric  juice;  and  in  1S78  Eicbet  observed  that  iu  a  man  witb 
complete  oceluaion  of  the  gullet,  the  act  of  mastication  caused  a 
copious  flow  of  gastric  juice.  There  cati  therefore  have  been  no 
doubt  that  the  glands  are  under  the  control  of  the  nervous 
system,  but  uufcil  quite  recently  all  attempts  to  discover  tbe 
secretory  nerves  of  the  stomach  proval  unsuccessful.  Pawlow 
solved  the  problem  hy  experiments  on  dogs :  he  first  made  a 
gafitrio  fistula;  and  a  few  days  later  exposed  the  oesophagus, 
divided  it,  and  sewed  the  two  cut  ends  to  the  two  comers  of  the 
wound  in  tbe  neck.  The  animal  was  fed  by  means  of  tbe  lower 
piece  of  the  eosophagus;  but  any  food  taken  by  tbe  mouth  or 
any  saliva  secreted  into  tbe  mouth  was  never  allowed  to  enter  the 
HtofQaeb,  but  fell  out  of  the  openii>g  of  the  cesophagus  in  tbe 
tieek.  These  animals  were  kept  alive  for  months  and  sooii 
aoooznmodated  themselves  to  their  new  conditions  of  bfe. 

If  one  of  them  was  kept  without  food  for  a  few  hours,  and 
;theti  given  a  meal  of  meatj  it  devoured  it  with  avidity  though 
none  ever  reached  the  stomach.     The  etfect  of  this  sham  feeding 
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was  a  reflex  and  abuudaut  flow  of  gastric  jnic?e,  which  caiiimeiM»d 
tive  niiimteii  after  tlie  beginning  of  the  meal.  If  water,  milk,  or 
soup  was  givt^n  instead  of  meat  no  Buch  secretioii  ocMnured. 

The  same  phono  men  a  occurred  when  both  Bplanchoics  ven 
divided.  It  is  therefore  evident  that  the  eplancbuicfi  are  natthe 
secretory  nervea.  But  after  division  of  both  vagi  (below  the  point 
of  origin  of  the  recurrent  laryngeal  nerves  to  avoid  par^lyiiB  of  tb 
larynx),  the  reflex  secretion  ceaaed,  though  the  dog  went  thrcmgit 
the  process  of  Bham  feeding  with  the  same  avidity  as  before. 

The  va^i  therefore  contain  the  secretory  fibres ;  this  conclnn 
was  confirmed  by  the  experiment  of  stimulation.  If  the  paHr 
pheral  end  of  a  divided  vagus  ia  stimulated,  however,  the  u  :i^ 
result  is  8Lt)j>page  of  the  heart ;  this  difficulty  was  overeonie  bj 
letting  a  few  days  elapse  between  the  division  of  the  nervea  ind 
the  exi>eri2nent  of  i^tinmlating  them.  During  thia  lime  theokfdifr 
inhibitor}'  fibres  degenerated,  and  then  stimulation  of  the  nene 
by  induction  shocks  Fit  intervals  of  one  second  called  forth  a  flow 
of  gastric  juice,  after  a  latent  period  of  about  five  minutes, 

Pawlow's  moLhinl  i.'na1j]ud  bJm  in  obtain  »  gaAttic  juice  free  hvm  aj 
admixture  with  Nilivn  ur  fo(K{.  The  roaia  facta  id  reUtion  Uf  thii  pan 
juice  are  as  fnlhiNvs  :  -It  is  clear  and  colourlew  \  it  haa  a  s|j©clfic  gT«iitf  tf 
1003  t4^  1006.  1 1  h  ft'cVjly  lies  cm- rotatory,  gives  no  biuret  reat^tjon.  ba 
gives  the  or<l]n;iry  [initeid' ratetiotis.  It  contaiQS  from  04  to  0*6  ppr ceaL 
of  hydnK'hlorit;  neitl.  It  is  atronglf  proteolytic  and  inserts  cnue  svgu. 
When  codIciI  rn  o'  1'.  it  (Iq^iisits  a  line  precipitate  of  pepsin  ;  tliiu  settliia 
layers  aii<I  the  layern  firet  deposited  contain  most  of  tbe  acid,  whidi  li 
loosely  coniliiiitil  whh  and  earned  ilowa  by  the  pepain.  Pepsin  ii  ^ 
precipitahlo  hy  animi^nium  sulphate  (Kttbne).  Elementary  analymi  gnt 
the  f ol lowi  1 1  ^  re>ii  lis: — 


Pe|>sin  prtripitarefl  by  cold — 

Carbon  .  ,        .        ,   '5073  per  eeut. 

Hyiirogen  ....      723        „ 

Chlorine  .        .   roi  tn  i^t'j        ,. 

Sulphur  .  ,         ,        .    0-98 

Nitroi,'en  .     not  estimated 

Oxygen  .                 the  remainder. 


PredpitatM  by  Am.SO^ 
the  remainder. 


Aotion  of  Gastric  Juice. 

The  principal  actioD  of  tbe  gaatric  juice  cotifiiets  in  iM>iiverti^ 
the  proteids  of  the  food  into  the  diffusible  pepUHies.  In  the  case 
of  milk  this  is  preceded  by  the  curdling  due  to  remiet  (see  p.  445). 

There  is  a  still  further  action — ^that  n,  the  gastric  juiee  » 
antiseptie ;  putrefactive  processes  do  not  nonnally  ocour  in  the 
stomach,  and  the  organisms  that  produce  such  prooeflses,  many 
of  which  are  swallowed  with  the  foody  are  in  great  measure 
destrojed,  and  thus  the  body  is  protected  from  them.  The  aeid 
is  the  agent  in  the  juice  that  possesses  this  power. 
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The  formation  of  peptones  is  a  process  of  hydration  ;  peptones 
may  be  formed  by  other  hydratiug  agencies  like  super-heated 
steam  and  heating  ivith  dilute  mineral  acids.  There  are  certain 
intermediate  steps  in  this  process :  the  intermediate  sulwtauceii 
are  called  pro-peptones  or  proteoses.  The  word  '  proteose  '  is  the 
best :  it  includes  the  albumoses  (from  albumin),  globidoses  (from 
globulin),  vitelloses  (from  vitellin),  &c.  Similar  substances  are 
also  formed  from  gelatin  (gelatinoses)  and  elastin  (elastoses). 

Another  intermediate  step  in  gastric  digestion  is  called  para- 
peptone  :  this  is  acid  albumin  or  syutonin ;  it  also,  though  with 
some  difficulty,  is  converted  into  peptone.  The  products  of 
digestion  may  be  classified  in  various  ways.  It  will  be  convenient 
to  take  albumin  as  our  example,  remembering  that  globulin, 
myosin,  and  all  the  other  proteids  form  corresponding  products. 
The  products  of  digestion  may  be  classified,  according  to  their 
solubilities,  as  follows  : — 


I.  Parapeptone  or  acid  albumin. 

"1  The  primary  albumoees,  i,e,, 
those  which  are  fonned 
flret. 


1.  Farapeptone  or  acid  albumin. 

I  (a)  Proto-albumose  I 

2.  Pxopcptone      -{  (6)  Hetero-albumose         f 

\(e)  Deutero-albumosc 
y.  Peptone. 

The  primary  albumoses  are  precipitated  by  saturation  with 
magnesium  sulphate  or  sodium  chloride.  Deutero-albumose  is 
not ;  it  is,  however,  precipitated  by  saturation  with  ammonium 
sulphate.  Proto-  and  deutcro-albumose  are  soluble  in  water ; 
hetero-albumose  is  not ;  it  requires  salt  to  hold  it  in  solution. 
Kiihne's  physiological  classification  is  as  follows  : — 
The  albumin  molecule  may  be  considered  to  be  made  up  of 
two  parts  called  respectively  hemi-albumin  and  anti-albumin. 
The  former  yields  ultimately  hemipcptone,  the  latter  anti- 
peptone.     The  intermediate  albumoses  have  similar  names  : — 

Albumin 
\ 

Hemi-albumin  Anti-albumin 

Hemi-albumosc  Anti-albumosc  and  acid  albumin 

»  •  I  I 

Hemipeptone  Antipeptone. 

The  hemipeptone  differs  from  the  antipeptone  in  the  manner  it  i» 
aflTected  by  the  prolonged  action  of  the  next  digestive  juice,  the 
pancreatic  secretion;  hemipeptone  yields  leucine  and  tyrosine,  anti- 
peptone does  not.    This  will  be  fully  discussed  in  the  next  chapter. 
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Peptones. —These  are  the  final  products  of  the  iction  o| 
gastric  juice  on  native  prateida. 

They  are  Holuble  in  water,  are  not  coagulated  bj  heal;^  anil  tn 
not  precipitated  by  nitric  acid,  copper  sulphate,  ammomuni  tol- 
phate,  and  ti  number  of  other  preoipitants  of  proteids*  They  ui 
precipitated  but  not  coagulated  by  alcohol.  They  are  aim 
precipitated  by  tannin,  picric  acid,  potassio-mercuric  iodide, 
phospho-molybdic  acid,  and  phoepho-tun^tie  acid* 

They  give  the  biuret  reaction  (roee-red  ioJution  with  a  trace  d 
copper  sulphate  and  cauatio  potash  or  isoda). 

Peptone  is  readily  diffiwible  through  animal  membrao^s*  The 
utility  of  the  formation  of  diffusible  substances  during  digeslisi 
is  obvious. 

Proteosea.— The«e  are  the  intermediate  products  in  ibi 
hydration  of  imtive  proteids  into  peptones. 

They  are  not  coa^^ulatcd  by  heat ;  they  are  precipitated  but  not 
coagulated  by  alcohol ;  like  peptone  they  give  the  biuret  reaction 
They  are  precipitated  by  nitric  acid,  the  precipitate  being  soluble 
on  heating,  iind  reappearing  when  the  li<|uid  cools*  This  last  iii. 
distinctive  property  of  proteoses.     They  are  slightly  difiusible. 


Variety  of ,  Action  of  I     Action  of 
pToteid    ,      heat      |       alcohol 


Albumin    Coagulated  Precipitated, 
I  I  then   ooaga- 

'lated 


Action  of     !   Jtl^i^^ 
nitric^ad    i  ^^^ 

1 


Precipitated   i  Precipitated 
in  the  cold;    by  complete 
not     readily  j  saturatioin 
aoluble      on , 
I  heating 


Globulin      Ditto. 


;  Ditto. 


Ditto. 


I 


Precipitated  Ditto, 
by  half  satu- 
ration ;  also 
precipitated 
byMSso.     . 

Precipitated  ,  Boaenred 
by  saturation '  colour 
^iMBzet 


Ditto. 


Proteofies    Nutcoagu-  Precipitated,    Precipitated   ;  Precipitated   ,  Boaenred    ;  Sli^ 
(albu-         lated  but   not   oo-    in  the  cold;    '^ — -^  — •      i     . 

moees)  ,  agulated         i  readily  solu* 

ble  on  heat-  reaction) 

I  ing ;  the  pre- 

cipitate    re- 
appears    on 
I  cooling* 

Peptones    Not  coagu-  Precipitated,  Xotprecipi-     Not  predpi-    Boae  red  I  Graat 

!  lated  '  but  not  oo-  tatea  tated  colour  ' 

I  I  agulated  i  (l^uret  i 

1  I  I  .leaction) 


•  In  the  case  of  deutoro-albumose  this  reaction  only  occnra  in  the  pieflenoe 
of  excess  of  salt. 
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The  prece<iing  tuble  will  give  us  at  a  glance  the  cine!  chttracten* 
of  peptones  and  proteoaes  in  contrast  with  those  of  the  native 
{Koteida,  albumins^  ;ind  globulins. 

We  see  that  the  main  action  of  the  gastric  juice  is  upon  the 
piotejclfi  of  the  food,  converting  them  into  more  soluble  and 
difftisible  products.  The  fata  are  not  chemicaUy  nltercd  in  the 
itoQiach  ;  their  proteid  envelc>|>eB  are,  however,  dissolved,  and 
the  solid  fata  are  melted.  Starch  is  unaffected  ;  but  cjuic  sugar 
m  inverted.  The  invcmion  of  eaue  sugar  ia  largely  due  to  the 
hrdrDchlorie  acid  of  the  jntee,  and  m  fret[uentlj  asaiatetl  by 
inverting  fermeuta  contained  in  the  vegetable  food  swallowed* 


CHAPTER  XXXI I. 

DIGESTION    IN    THE    INTESTINJiiS, 

Hkrk  we  have  to  consider  the  action  of  pancreatic  juiee,  of  bUe, 

Iiiid  of  the  succus  enteric  us. 
I  The  Faaaere&H. 
I  This  IB  a  tubulo-raceniose 
gland  closely  resembling  the 
salivary  glands  in  structure. 
The  principal  differences  are 
that  the  alreoli  or  acini  are 
more  tubular  in  character ; 
the  connective  tissue  be- 
tween them  is  looser,  and 
in    it   are  tnnaU   groups   of 

^epithelinm-like  cells,  wliich 
ire  supplied  by  a  close  net- 
work of  capillaries  (fig.  38S). 
The  secreting  cells  of 
the  pancreas  are  polyhedrah 
When  examined  in  the  fresh 
condition,  or  in  preparations 
preserved  by  osm  ic  acid , 
their  protoplasm  is  seen  to 

be  filled   in   the  inner  twcvthirds  with  small   granrdet ;  but  the 
outer  third  is  left  clear,  and  stains  reihdily  with  reagcutti  (fig.  387)* 


Fig.   iSj^—B&zUum 


the  p&norciia  of   a  doe 
c«ilN^  tile  «r«aT  DUtt^  iQoe  ot  wlikh  m  well 


dunxif 


Ktftlnied  with  bj«mAtox\rlui  ^  d,  duct  UioAd 
with    HttoH  cmbicml  wlU.     x  J50.      '"  ' 


badNobleBmjth.l 
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Duritig  secretion  the  grauulea  are  discbai^ed  ;  the  cleiup  mat 
consequently  becomes  wider,  and  the  gtaniilar  zone  narrower. 
These  gramileB  indicate  the  presence  of  a  zymogen  which  a 


ifllfl|gf«si!b«lli» 


F%.  ifli.— fleetion  of  the  fkunavas  of  urnadillai  liboitiDg-  vJvfttill  mid  aa 


called  irt/psinogen  ;  that  is,   the  precursor  of  trfpain,  the 
important  ferment  of  the  pancreatio  jnice* 

In  the  centre  of  the  acini,  apindle^haped  cells  {ctntro^mair 
cells)  are  often  seen  ;  their  function  and  origin  are  iinkiiovQi 

OompoBition  and  Action  of  PaacreatiQ  JuJce, 

The  panereatie  juice  may  be  obtained  by  a  fistula  in  anbimlt^ 
a  cannula  being  inserted  into  the  mahi  jiancreutic  duct ;  hnX  as  ] 
in  the  case  of  gaatrio  juioe,  ex|>eriments  on  the  paticreatie  secretion 
are  uaualiy  performed  with  an  artihcjal  juice  made  by  railing:  \ 
weak  a)kalJno  solution  (i  per  cent  sodium  carbonate)  wltli 
a  glycerine  extract  of  pancreas.  The  pancreas  should  be 
treated  with  dilute  acid  for  a  few  hours  before  the  glycerine 
is  added.  This  ens  area  a  conversion  of  the  trypdnogeu  into 
trypsin. 

Quantitative   analysis   of   human   pancreatic   juice  giv^  ihe 
following  results  : — 


Water  .  . 
Organic  solids . 
Inorganic  salts 


9  7 '6  per  cent, 
1-8       „ 
o6       „ 


The  organic  substances  ia  ^ajaoroatto  iuioe 


,  icjcxnj 
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ift)   Fcnneutii,     TLeac  are  the  most  important  both  quantita- 
tiTely  and  functiouallj.     They  are  four  in  number : — 
],  Trypsin,  a  prot-eolytic  ferment. 

11.  Amylopain  or  pancreatic  diastase,  an  amylolytie  fertnent* 
ill.  Steapflin,  a  fat-splifctmg  or  lipolytic  ferment 
iv,   A  milk-curdling  ferment, 
{b)  A  email  amonnt  of  proteid  matter,  coagulable  by  heat 
(c)  Traces  of  leucine,  tyrosine^  Jtauthiiiej  and  aoaps. 
Tho  inorganic  substanceB  in  pancreatic  juice  are — 
Sodium  chloride,   which  is   the  roost  abundant,  and  smaller 
quantities   of   potasaium   chloride,    and    phospbates   of   sodium, 
catcinm,  and  magnesium.     The  alkH,linity  of  the  juice  u  due  to 
phosphates  and  carbonates^  especially  of  sodium. 

The  action  of  pancreatic  juice,  which  is  the  most  powerful  and 
tmportaiit  of  all  the  digestive  juices,  may  be  described  under  the 
h^adingH  of  its  four  fermenta. 

I,  Action  of  Trypsin, — Trypsin  acts  like  pepain,  but  with 
certain  differeucest  which  are  as  follows  ;^ 

(a)  It  acta  in  an  alkaline,  pepsin  in  an  acid  medium, 

(b)  It  acts  more  rapidly  than  pejjsin,  but  a  similar  series  of 
prDteoses  can  be  detected  as  intennediate  products  iti  the  forma- 
tion of  peptone. 

(c)  An  albuminate  of  the  nature  of  alkali-albumiu  is  formed 
ill  place  of  the  acid-albumin  of  gastric  digestion, 

(d)  It  acts  more  powerfully  on  certain  albuuiiuoids  {such  as 
elaatin)  which  are  difficult  of  digestion  in  gastric  juice.  Ft  does 
iiot,  however,  digest  collagen. 

(<)  Acting  on  solid  pro t elds  like  fibrin,  it  eata  them  away 
fftnu  the  surface  to  the  interior  ;  there  is  no  prelim inaiy  swelling 
At  10  gastric  digestion, 

(/)  Tryiisin  acts  further  than  pepsin,  on  prolonged  action 
parity  decomposing  the  krmipfpione  which  has  left  the  stomach 
into  simpler  products,  of  which  the  rnoit  important  are  leucine, 
tyroeijae,  arginiue  (ace  p,  390),  aspartic  acid,  and  ammonia. 

The  peptones  are  diffusible  iiecau«e  their  molecules  are  smaller 
than  those  of  proteid.  H em i peptone  by  the  prolonged  activity 
of  pancreatic  juice  is  split  into  substances  of  still  smaller  mole- 
cular weight,  Antipeptone  is  not,  as  it  is  itself  a  aubstance  of 
extremely  low  molecular  weights  Siegfried  states  it  is  a  single 
substance  which  he  calls  cantir  acid  (C^^jHigN^Og),  bemuse  he  first 
separated  it  from  muscle,  Kntacher  finds,  however,  that  it  is  a 
mixture  of  several  comparatively  simple  materiaJs,  histidine, 
arginine,  aspartic  acid,  etc.  If  this  is  so,  Knhne's  tbeorj^  of  the 
hemi-  and  ant  i-  groups  in  the  albmnin  moleciiJe  falls  to  the  ground. 
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2.  Action  of  Amylopsin. — The  conversion  of  starch  into 
maltose  is  the  most  powerful  and  rapid  of  all  the  actions  of  the 
pancreatic  juice.  It  is  much  more  powerful  than  saliva,  and  will 
act  even  on  unboiled  starch.  The  absence  of  this  ferment  in  the 
pancreatic  juice  of  infants  is  an  indication  that  milk,  and  not 
starch,  is  their  natural  diet. 

3.  Action  on  Fats. — The  action  of  pancreatic  juice  on  fats 
is  a  double  one :  it  forms  an  emulsion,  and  it  decomposes  the  fats 
into  fatty  acids  and  glycerin  by  means  of  its  fat-splitting  ferment 
steapsin.  The  fatty  acids  unite  with  the  alkaline  bases  to  form 
soaps  (saponification).  The  chemistry  of  this  is  described  on  p. 
380.  The  fatrsplitting  power  of  pancreatic  juice  cannot  be  studied 
with  a  glycerine  extract,  as  steapsin  is  not  soluble  in  glycerine: 
either  the  fresh  juice  or  a  watery  extract  of  pancreas  must  be  used. 

The  formation  of  an  emxilsion  may  be  studied  in  this  way. 
Shake  up  olive  oil  and  water  together,  and  allow  the  mixture  to 
stand;  the  finely  divided  oil  globules  soon  separate  from  and 
doat  on  the  surface  of  the  water ;  but  if  a  colloid  matter  like 
albumin  or  gum  is  first  mixed  with  the  water,  the  oil  separates 
more  slowly.  A  more  permanent  emulsion  is  formed  by  an 
alkaline  duid,  and  especially  when  a  small  amount  of  free  fatty 
acid  is  being  continually  liberated;  the  acid  combines  with  the 
alkali  to  form  a  soap.  Pancreatic  fluid  possesses  -all  the  necessaiy 
qualifications  for  forming  an  emulsion  : — 
i.   It  is  alkaline. 

ii.  It  is  viscous  from  the  presence  of  proteid. 
iii.  It  has  the  power  of  liberating  free  acids. 

4.  Milk-cnrdling  Ferment. — The  addition  of  pancreatic 
extracts  or  pancreatic  juice  to  milk  causes  clotting;  but  this 
action  (which  differs  in  some  particulars  from  the  clotting  caused 
by  rennet)  can  hardly  ever  be  called  into  play,  as  the  milk  upon 
which  the  juice  has  to  act  has  been  already  curdled  by  the  rennin 
of  the  stomach. 

Intestinal  Digestion. 

,  The  pancreatic  juice  does  not  act  alone  on  the  food  in  the 
intestines.  There  are,  in  addition,  the  bile,. the  succos  enterico^ 
(secreted  by  the  crypts  of  Lieberkiihn),  and  bacterial  action  to  .be 
qoQsidered. 

...  ;The  bile^  as  we  shall  find,  has  little  or  no  digestiye  action  by 

itaally  but  combined  with  pancreatic  juice  it. assists  tlie  latter  in 

l]iti  actions.  This  is  true  for  the  digestion  of  starch  and  of  proteid, 

^fnoBt  markedly  so  for  the  digestion  of  fat.     Occlusioii  of  the 

'dnofc  by  a  gall-stone  or  by  inflammation  ]^yents  bUe  entenng 


feSUCCUS    INTBKICUS. 

b«  duodetiatti.     Under  tfceae  dreumstancea  the  fi&ce^  contain  a 
bu^e  amount  of  uudigeEited  fa%. 

The  siioims  eotericiis  Eippears  to  have  to  some  eiteiit  the 
power  of  coo  verting  starch  into  sugar  ;  whether  it  acts  on  proteids 
or  hktJB  is  very  doubtful ;  its  most  importaut  action  is  due  to  a 
femieiit  it  cou tains  called  invert  in,  which  inverts  saccharoses — 
that  i%  it  converts  cane  sugar  and  maltose  into  glucose. 

The  original  use  of  the  temi  "  inversion  *'  has  been  explained 
on  p.  375.  It  maj  be  extended  to  include  the  similar  hydrolysis 
of  other  saeoharosea,  although  there  may  bo  tio  formation  of 
levo-rotatory  substances*     There  are  probably  numerous  inverting 

ermefite,  each  of  which  acts  on  a  different  saccharose, 

8110GU&  eiiti>ricii8  has  been  obtainal  free  from  other  aecretions  bj  hii^db  of 
ftHsttiJo.     Thirv'fl  method  m  to  cut  the  iiitostiue  licroBB  la  two  phuics  ;  the 

I^y  cut  out  is  etfil  supplied  with  bhxMl  and  uervea^  m  its  Tnesenttiry  Is 


I,,  Tbiif^M  method ;  H.,  Tellft'i  nhythod.    A, 
G,  »«rp<LT»t«d  loop  ol  IntoBliDft,  vith 


j|.  |8a* — DiaffTBia  of  iutcHtuuiJ  flst^ln 
kttuihtid  meeetLtery, 

intact  ;  this  h-Mtji  ifl  cmptietl,  one  e^d  is  mvm  up,  nxid  the  other  stitcbetl  bo 
the  Abdomiufil  wound,  and  so  a  t^aUdt-inie  from  which  the  secretion  cwi  b« 
oolbcted  is  made.  The  contiuuity  of  the  remainder  of  the  Lutet^tine  \m 
faitQred  by  fa»teuiiigr  together  the  up|*cr  and  lower  portions  of  the  tiowel 
itom  which  the  loop  ha«  been  remoTefi  Vellft's  metliM  resembles  Third's 
except  that  both  cods  of  the;  lo<:>p  are  euturetl  U)  the  wound  in  the  abtiomen. 
Fig.  3S9  iUustrfltes  the  two  methods, 

fi&cterial  action*— The  gastric  juice  is  an  antiseptic;  the 
pancreatic  juice  is  not.  A  feebly-alkaliiie  fluid  like  pancroatio 
juice  is  just  the  most  suitable  medium  for  bacteria  to  flourish  in. 
Even  in  an  artificial  digestion  the  fluid  is  Tery  soon  putrid,  nnless 
special  precautions  to  excbide  or  kill  bacteria  are  takeu.  It  is 
often  dilScnlt  to  say  where  pancreatic  action  ends  and  baeterial 
aation  begins,  as  luany  of  the  bacteria  that  grow  in  the  intestinal 

tents,  having  reached  that  situation  in  spite  of  the  gastrio' 
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juice,  act  in  the  isame  way  as  the  pancreatic  juice.  Some  form  lugir 
from  starch,  others  peptone,  leucine,  and  tyrosine  from  prote^ 
while  others,  again,  break  up  fats.  There  are,  however,  certain 
actions  that  are  entirely  due  to  these  putrefactive  organisms. 

i.  On  carbohydrates.  The  most  frequent  fermentation  they 
set  up  is  the  lactic  acid  fermentation  :  this  may  go  further  and 
result  in  the  formation  of  carbonic  acid,  hydrogen,  and  butyric 
acid  (see  p.  377).  Cellulose  is  broken  up  into  carbonic  acid  and 
methane.  This  is  the  chief  cause  of  the  gases  in  the  intestine^ 
the  amount  of  which  is  increased  by  vegetable  food. 

ii.  On  fats.  In  addition  to  acting  like  steapsin,  they  pro- 
duce lower  acids  (valeric,  butyric,  &c.).  The  formation  of  acid 
products  from  fats  and  carbohydrates  gives  to  the  intestinal 
contents  an  acid  reaction.  Recent  researches  show  that  the 
contents  of  the  intestine  become  acid  much  higher  up  than  was 
formerly  supposed.  Organic  acids  do  not,  however,  hinder  pan- 
creatic digestion. 

iii.  On  proteids.  Fatty  acids  and  amido-acids,  especially  leu- 
cine and  tyrosine,  are  produced ;  but  these  putrefactive  organisms 
have  a  special  action  in  addition,  producing  substances  having  an 
evil  odour,  like  indole  (C^jH^N),  skatole  (C^H^N),  and  phenol 
(CgHgO).     There  are  also  gaseous  products  in  some  cases. 

If  excessive,  putrefactive  processes  are  harmful ;  if  within 
normal  limits,  they  are  useful,  helping  the  pancreatic  juice  and, 
further,  preventing  the  entrance  into  the  body  of  poisonous 
products.  It  is  possible  that,  in  digestion,  poisonous  alkaloids 
are  formed.  Certainly  this  is  so  in  one  well-known  case.  Leci- 
thin, a  material  contiiined  in  small  quantities  in  many  foods,  and 
in  large  quantities  in  egg-yolk  and  brain,  is  broken  up  by  the 
pancreatic  juice  into  glycerine,  phosphoric  acid,  stearic  acid,  and 
an  alkaloid  called  choline.  We  are,  however,  protected  from  the 
poisonous  action  of  choline  by  the  bacteria,  which  break  it  up 
into  carbonic  acid,  methane,  and  ammonia. 

Leucine  and  Tyrosine. 

These  two  substances  have  been  frequently  mentioned  in  Uie 
preceding  pages.  As  types  of  the  decomposition  products  of 
proteids  they  are  important,  though  probably  only  small  quanti- 
ties are  normally  formed  during  digestion. 

They  belong  to  the  group  of  amido-acids.  On  p.  379  we  have 
given  a  list  of  the  fatty  acids ;  if  we  replace  one  of  the  hydrogoi 
atoms  in  a  fatty  acid  by  amidogen  (NH^),  we  obtain  what  ia 
oaiied  an  amido-acid.     Take  eucetic  ^id*.  its  formula  is  CiH[40i; 
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replace  one  H  by  NH^  and  we  get  CjH,(NH2)02,  which  is  amido- 
rtMtic  acid  or  glycocine.  If  we  take  caproic  acid — a  term  a  little 
higher  in  the  series — its  formula  is  CgHjjOj ;  amide- caproic  acid 
is  CfH|i'(NH2)0,,  which  is  also  called  leucine. 

According  to  the  way  in  which  the  amidogen  is  linked,  a  large 
number  of  isomeric  amido-caproic  acids,  all  with  the  same  em- 
pirical formula,  are  theoretically  possible.  Some  of  these  have 
been  actually  prepared  in  the  laboratory  ;  and  chemical  research 
has  shown  that  the  amido-caproic  acid  called  leucine  formed 
during  digestion  should  bo  more  accurately  named  a-amido- 
iaobutylacetic  acid  (CH3),CH.CH,.CH(NH2)COOH. 

Tyroaine  is  a  little  more  complicated,  as  it  is  not  only  an 
amido-acid,  but  also  contains  an  aromatic  radicle.  Propionic 
add  has  the  formula  CgH^Oj;  amido-propionic  acid  is  CsH5(NH2)02, 
and  is  called  alanine.  If  another  H  in  this  is  replaced  by  oxy- 
phenyl  (CeH^.OH),  we  get  C5H^(CeH,.OH)(NH2)0^  which  is 
oxyphenyl-amido-propionic  acid,  or  tyrosine.  Leucine  and 
tyroeine  are  both  crystalline ;  the  former  crystallises  in  the  form 
of  spheroidal  clumps  of  crystals,  the  latter  in  collections  of  fine 
silken  needles. 

Seoretoiy  Nerves  of  the  Pancreas. 

It  has  been  known  since  the  work  of  Claude  Bernard  in  1856 
that  the  introduction  of  ether  into  the  stomach  produces  a  reflex 
flow  of  pancreatic  juice,  but  all  attempts  to  discover  the  path  of 
the  nerve  impulses  failed  until  the  recent  work  of  Pawlow.  The 
reaaon  of  the  failure  of  previous  workers  is  that  the  pancreas  is 
remarkably  sensitive  to  external  conditions.  If  the  pancreas  is 
sooled  or  wounded  during  the  process  of  making  the  fistula,  or  if 
lenaory  nerves  are  excited,  or  if  anaesthesia  is  deep,  the  gland 
refuses  to  secrete. 

Pawlow  discovered  that  the  vagus  contains  the  secretory  nerves 
>f  the  pancreas ;  he  took  care  to  avoid  the  sources  of  error  just 
referred  to.  In  the  first  place. he  stimulated  the  vagi  below  the 
>rigin  of  their  cardiac  branches ;  in  the  second,  the  spinal  cord 
i?a8  divided  high  up  to  prevent  reflexes  occurring  from  sensory 
lerves,  and  lastly,  the  operation  of  stimulating  the  nerve  was 
ione  without  an  aneesthetic. 

In  another  series  of  experiments,  he  cut  tlnough  one  vagus  in 
^e  neck,  and  stimulated  the  peripheral  end  two  or  three  days 
later,  when  the  cardio- inhibitory  fibres  had  degenerated  :  in  this 
fay  he  got  rid  of  the  heart  stoppage  which  would  have  interfered 
rith  the  normal  condition  of  the  animal. 

In  all  cases,  the  stimulation  of  the  vagus  produced  an  abundant 
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flow  of  pancreatic  juice,  after  a  latent  period  of  from  fifteen 
seconds  to  two  minutes.  The  stimulation  applied  to  the  ner?e 
consisted  of  a  slow  scries  of  shocks  (either  induction  currents  or 
mechanical  blows)  about  once  a  second.  By  this  means  stimula- 
tion of  vaso-constrictor  nerves  to  the  pancreas  contained  in  the 
vagus  is  avoided.  If  the  blood  supply  is  diminished  by  stimula- 
tion of  vaso-constrictor  nerves,  the  secretion  is  stopped. 


Extirpation  of  the  Pancreas. 

Complete  removal  of  the  pancreas  in  animals  and  diseases  of 
the  pancreas  in  man  produce  a  condition  of  diabetes,  in  addition 
to  the  loss  of  pancreatic  action  in  the  intestines.  Grafting  the 
pancreas  from  another  animal  into  the  abdomen  of  the  animal 
from  which  the  pancreas  has  been  removed  relieves  the  diabetic 
condition. 

How  the  pancreas  acts  other  than  in  producing  the  pancreatic 
juice  is  not  known.  It  must,  however,  have  other  functions 
related  to  the  general  metabolic  phenomena  of  the  body,  which 
are  disturbed  by  removal  or  disease  of  the  gland.  This  is  an 
illustration  of  a  universal  truth — viz.,  that  each  part  of  the 
body  does  not  merely  do  its  own  special  work,  but  is  concerned 
in  the  great  cycle  of  changes  which  is  called  general  metabolisnt 
Interference  with  any  organ  upsets  not  only  its  specific  function, 
but  causes  disturbances  through  the  body  generally.  The  inter- 
dependence of  the  circulatory  and  respiratory  systems  is  a  well- 
known  instance.  Removal  of  the  thyroid  gland  npsets  the  whole 
body,  producing  widespread  changes  known  as  myzoedema. 
Removal  of  the  testis  produces  not  only  a  loss  of  the  spermatic 
secretion,  but  changes  the  whole  growth  and  appearance  of  the 
animal.  Removal  of  the  greater  part  of  the  kidneys  produces 
rapid  wasting  and  the  breaking  down  of  the  tissues  to  form  an 
increased  quantity  of  urea.  The  precise  w^ay  in  which  these 
glands  are  related  to  the  general  body  processes  is,  however,  a 
subject  of  which  we  know  as  yet  very  little.  The  theory  at 
present  most  in  favour  is  that  certain  glands  produce  an  intfrnal 
s€cretiany  which  leaves  them  md  the  lymph,  and  is  then  dia- 
tribxited  to  minister  to  parts  elsewhere.  The  question  of  the 
internal  secretions  of  the  thyroid  and  suprarenal  capsules  is 
discussed  in  Chap.  XX TIL  In  the  case  of  the  pancreas,  Professor 
Schafer  has  propounded  the  theory  that  its  inteifnal  secretion, 
stopi)age  of  which  in  some  way  leads  to  diabetes,  is  produced  in 
the  islets  of  epithelium -like  cells  scattered  through  the  connectiTe 
tissue  of  the  organ  (see  fe^,  t^^^,  ^.  ^^iv^. 
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Tbb   IjiYor,   the  lar]gest  glaud  in  the  l>ody,  situated  iu  the 

jibdotueu  on  the    right    side    ehieflyj    is  an    extremely   viificular 

u,  and  receives  its  supply  of  blood  from  two  distinct  sources, 

from  the  pcrtal  vtin  and  from  the  hepatic  artrr^^  while  the 

18  retiimed  from  it  into  the  veim  cava  inferior   by   the 

'  ifeins.      Its  secretion,  the  hilf^  is  conveyed  from  it  by  the 

A^pol^  duH^  either  directly  into  the  intestine,  or,  when  digestion 

not  going  on,  into  the  cyUk  duct,  and  thence  into  the  gall 


©*— "Hje  under  surfacie  of  the  liver,  n.  it.,  girll-1>1ndd«<T ;  h  d„  eooUElCifi  bOe-dnct ; 
,  hejwlic  artery ;  v.  p.»  jmMtimX  wm :  l.  q.,  tobuluB  qiiii4mtti« ;  (.,  i.^  lobulmi 
lii ;  u,  c  lobtilufl  caudatuA;  t>.  v.,diiciufi  reiaoetiii ;  i;.  v.*  umbOinl  wmn*    [l^^M^ 

3thJ 

bladder,  where  it  aeeunmlates  nntil  required.  The  portal  vein, 
hepatic  artery,  and  hepatic  dnct  bmucli  together  throughout 
the  liver,  white  the  hepatic  veins  and  their  tributaries  run  by 
themselves. 

On  the  outside,  the  liver  has  an  incomplete  covenng  of  peri- 
toneum, and  beneath  this  is  a  very  fine  coat  of  arcolai'  tiasuep 
coo  tin  nous  over  the  whole  surface  of  the  organ.  It  is  thickcH 
where  the  peritoneum  is  absent,  and  is  continuniiH  on  the  general 
surface  of  the  liver  with  th«  tine  and,  in  tbc  human  subject, 
almoet  imperceptible  areolar  tisane  inveBting  the  lobules.  At  the 
transverse  fissure  it  is  merged  m  the  areolar  investment  caUed 
Glissou^s  capule,   which,  surrounding    the   portal   vein,   hepatrc 
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arteiy  and  hepatic  duct,  accomp&oies  tliem  in   their  hratichingi 
through  the  aubstanae  of  the  Jiver* 

SiritHure. — The  Uver  is  made  up  of  small  roandiah  or  oful 
portions  called   himles^  each   of  which   is  about  ^  of  an  incl 

"IB 

,1 

(about    t   mm.)   in  diameter^   aiid  composed  of  tho  liTer  C0II1,  1 
between  which   tho  blood-vessels  and   bile-vessels  ramifv.    T^ 
hepatic  celli  (fig^  391)1  which  form   the   glandular  or  secretiiig  1 


Fint.  j^3  -iH^Q^tuiliatLi  ««vtio£i  at  p.  p^rinJi  dwslf  Gontammg  m  poHal  vein,  faapili&vlM| 
u(d  hepAtic  aurt,  frurn  the  pig.  t,  bmneb  of  Te&«  portw,  iitt»ted  m  ft  pom 
cASikl  &mungst  Iho  llobu]e»  nf  the  liTer ;  f.  f,  and  giTing  off  TigfD«l  btAnelicii;  toi 
are  hIho  neen  vjthm  the  latg«  paila]  vein  numenrm  otVkm  of  the  mOlart  ili^ 
iDbuInr  v«tn0  lirinn^  directljp  mum  it;  a,  hepotifl  lulery ;  d:,  faiJe  diiet.  x  ^ 
(KIcthmeiO 

part  of  the  liver,  are  of  a  spheroidal  form,  somewhat  poljgonat 
from  mutual  pre^ijurc,  about  ^-u^  to  ^innr  ^^^^  (about  ^  to 
^  linn.)  ill  diauieter,  pouiLmmg  a  nucleus,  sometimes  two.  The 
oeil-subfetancc,  composed  of  protoylaKUi,  contains  numeroii&  fatt/ 
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Vlf ,  j/9>.— CbpiiUiJT  m^iturk  uf  Ibe  lobijle»  of  tbv  rnblnl'i  livei-.  Tbe  flfiuv !«  Ukrai  from  m 
W»y  yni'ifiWMfiil  injection  of  the  hejmtic  vemut  nwde  tiy  Hartlnff :  jt  nbQwn  ineajly  the 
vliols  of  two  lobwcs,  mnd  v»iia  (tt  Uiree  nthuTs;  }t^  iuterlohiiljir  (portal  bnne1i€» 
mmiiQig  in  tlire  InterlobulAj'  npnecs;  h,  iutniTubiilftr  (ht^patie  veiiu  oi^upyiag  tha 
centre  of  thp  Iabal«,    The  intfrrlobtilur  attil  ijitmloWlar  vuiHQla  ue  DDDnetited  br 


f,  jflMj.-^Beetiim  *»f  a  pnHiuti  of  liver 
faepfttic  Tcin^  irom  the  piv.    11,  bepstie 
lobula  (0  *^  »Fpii(3d  :  h, 


_ .  ^^iialu  •fMnat  wMcb  Ibe  sidea  of  the 

h,  h,  mTblobiUift^  bei^tie  niUt  00  whieb  tbe  hum  cf  the 


.  ibroui^b  tJ^e  c<Mit«  of  whioh  they  luv  bmh  »  pnlj^aoiial  flffisitti  i 

XOB  intntobulox  veioM,  opniiuir  mtc^  thi?  flublobul^r  Ti^na  t  r,  fntnlobulif 

I  |M«diw  up  tbe  f^mtj^'  ui  iomc  divided  lobuJes ;  i,  I,  cat  mzfwse  of  the 

tfnr ;  c,  e^  wtUs  of  £h«  liepntlc  Tsnoos  c&nal,  foimed  br  the  polrgonttl  b«iM  «l  th« 


Jbtmlfii 
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particles,  as  well  as  a  yariable  amount  of  glycogen.  The  oelk 
sometimes  exhibit  slow  amoeboid  moyements.  They  are  held 
together  by  a  very  delicate  sustontaoular  tissue,  conthiuous  with 
the  interlobular  connective  tissue. 

To  understand  the  distribution  of  the  blood-yessels  in  the  liver, 
it  will  be  well  to  trace,  firsts  the  two  blood-vessels  and  the  duct 
which  enter  the  organ  on  the  under  surface  at  the  traoBvene 
fissure,  viz.,  the  portal  vein,  hepatic  artery,  and  hepatic  duct  ii 


^g-  395.— Portion  of  a  lobale  of  Urer.    a.  bile  capillaries  between  liver-oells,  tlie  netwoik 
in  which  is  well  seen ;  6,  blood  capillaries,     x  350.    (Klein  and  Noble  SmittL) 

before  remarked,  all  three  run  in  company,  and  their  appearance 
on  longitudinal  section  is  shown  in  fig.  392.  Running  together 
through  the  substance  of  the  liver,  they  are  contained  in  small 
channels  called  portal  canaU,  their  immediate  investment  being  a 
sheath  of  areolar  tissue  continuous  with  Glisson's  capsule. 

To  take  the  distribution  of  the  portal  vein  first: — In  its 
course  through  the  liver  this  vessel  gives  off  small  branches 
which  divide  and  subdivide  between  the  lobules  surrounding  them 
and  limiting  them,  and  from  this  circumstance  called  ffUer-lobular 
veins.  From  these  vessels  a  dense  capillary  network  is  prolonged 
into  the  substance  of  the  lobule,  and  this  network  converges  to  a 
single  small  vein,  occupying  the  centre  of  the  lobule,  and  hence 
called  m^ra-lobular.  This  arrangement  is  well  seen  in  fig.  393, 
which  represents  a  section  of  a  small  piece  of  ari  injected  liver. 

The  small  iWro-lobular  veins  discharge  their  contents  into 
veins  called  ^wWobular  (h  h  h,  fig.  394) ;  ^hile  these  again,  by 
their  union,  form  the  maitv  bTO.Tic\\e»  oi  tVva  hegatie  veins^  which 
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imwm  the  poetedor  border  of  the  lirer  to  end  by  two  or  three 
{niotp&l  trunks  in  the  iuferior  ven»  cavn^  ju^  before  its  passage 
Ibfleugh  the  diaphragm.  The  sub-hi/ular  and  hepatic  veim^ 
utiltke  the   portal  rem  and   its    eompuuionsj  hate  little  or    ao 

Peolar  tissue  around  themt  and  their  ocmta  are  very  thin ;  they 
nil  little  more  than  mere  t.^hiuniela  in  the  liver  subaUince  which 
Qsely  surrounds  them. 
The  hepatic  artery »  the  chief  function  of  which  is  to  distrilmfce 
blood  for  nutrition  to  Oliaaou's  capsule,  the  walls  of  the  duets  and 
(lood*veaseIs,  and  other  parts  of  the  Uver,  is  distributed  in  a  veiy 


J96.— Hcfpfttic  eella  mad  bile  cftpiUajieB,  ftmn  tbv  Uv*^  of  &  chBil  tlii««  tooiithii  old. 
Both  flfiims^  r?prvf«i]it  fra^rtncnlB  of  a  teetkni  tarried  ChrouiTti  th*?  peHpheiy  of  &  lobnle. 
Thm  nd  curpTiMelPH  of  the  blood  are  noofiDiDed  hy  tbeir  pinnijar  f cmtour ;  t*^,  tottqbpooiU 

Ui«  biXJanT  ductal  to  irkii'h.  ttt  the  lower  pait  of  the  tf^vat»t  the  mucb  Ijirger  bepatj^ 
@«U«  niddeuli^  stuoo^ .    ( E.  Hcria^. ) 

similar  manner  to  the  portal  vein,  its  blood  being  returned  by 
iihU  brauchea  whiub  pass  into  the  capillary  plexus  of  the  lobules 
rhicb  connects  the  inter-  and  intriiAQh\i\ikr  veins. 

The  hepatic  duct  divides  and  tsubdividcs  hi  a  manner  verj*  like 
that  of  the  portal  vein  and  hepatic  artery,  the  larger  branches 
being  lined  by  coivrnftar^  and  the  smaller  by  small  poiyf/ofiai 
epitheliuni* 

The  bile-eapillancs  commence  between  the  hepatic  cells,  and 
are  bounded  by  a  delicate  membranoaa  wall  of  their  own.  They 
are  always  bounded  by  hepatic  cells  on  all  aides^  and  are  thus 
separated  from  the  nearest  blood -capillary  by  at  least  the  breadth 
of  one  cell  {tigs.  395  and  396), 

To  demonstrate  the  intercellulttr    network  of    bile-capillaries, 

rChrzonaaezewsky  employed    a  method  of    natural  injection,     A 

atitrated  aqueous  aohition  of  sulph-indigotate  of  soda  ie  introduced 

"into  the  circulation  of  dogs  and  pigs  by  the  Jugular  vein.     The 

mimalB  are  killed  an  hour  and  a  half  afterwards^  and  the  blood- 
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VBafiels  washed  free  from  blood,  or  injected  witb  gektio  tuiud 
with  carmine.  The  hile-dncts  are  then  seen  filled  with  blue,  awl 
the  blood-vessels  with  red  materiaL  If  the  aoi mala  are  kilM 
sooner  than  thiis,  the  pigment  19  found  withiu  the  hepatic  c^il*, 
thus  domonatnitiiig  it  was  through  their  agencj  thmt  the  ra- 
were  filled. 

Pfliiger  and  Kupffer  have  i^ince  thia  shown  that  the  reUtHju 
between  the  hepatie  eel  la  and  the  bile-canalicnJi  is  evan  mutv 
intimate^  for  thejr  have  demonstrated  the  existence  of  vacuole  in 
the  cells  communicating  b^  minute  iutnicellwliir  channeb  wilhllie 
adjoining  bile-canaliculi  (fig,  397),  It  is  hnp^rtant  to  notice  tbt 
the  bile-canaliculi  are  always  separated  by  at  least  a  portioii  iif  a  1 


Fig.  197.— Sk^tchenilltutrntuig  the  imiMh?  tit  comnienwineiit  of  the  bile^mwUciiU  irftm 
th«iivei>c«lbi{H€iideo1uuD,  aft^T  Knpffor).  A^  mbbifji  yT^r.  ifij^wtud  fhspi  liep«»Mlcd 
with  Berlin  Hue.  The  intRireUuifu*  caualkiili  give  off  nusiute  twigv  which  p^it^l* 
into  the  livta'-cdljt,  ttotl  tht«re  teiTiiinftte  in  vacpole-like  GnI«LTg«iiii«|]la.  B,  *™*»  •l*w 
luttimillj  mjeeUs]  with  aulph-iadigatiLte  ot  vo^.  A  Mlmilai' mpficmnDoe  uoMntaei 
but  tlie  coaununimtrog  twigs  *fe  nwniiied. 

cell  from  the  nearest  hlood-capillaries,  and  that  the  formatioanf 
bile  IB  no  mere  transudation  from  the  blood  or  Ijmph.  The  liver* 
cells  take  certain  materials  from  the  Ijniph  and  clabomte  th^ 
constituents  of  the  bile,  the  bile-salts  and  the  bile  pigmenti. 
Tbere  can  be  no  doubt  that  these  substances  are  formed  by  ilie 
hepatic  cells,  for  tbcj  are  not  found  in  the  blood  uor  in  nwjotber 
organ  or  tissue  ;  aud  after  eitirpation  of  the  liver  they  do  not 
accumulate  in  the  blood. 

Intracellular  canaliculi  in  the  livor-cells  are  not  unic|ue.  Recent 
research  by  Golgi's  metliod  has  shown  that  in  the  salivary  imd 
gastric  glands^  and  in  the  pancreas,  there  is  a  similar  ootid  it  iou  uf 
aimuB. 

The  Gall-bladder  (g,^  b.,^^.  Ty9o\  ^  «■  ^ftifotm  b4Mg,  ebttiKikd 
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the  under  surfac*^  of  the  liver,  aud  supported  also  bj  tl»e  peri- 
ueum,  which  possess  below  it.  The  larger  end  or  fmuhft^  projects 
bejoud  the  front  margiu  of  the  liver ;  while  the  smaller  end 
Gontra^ta  into  the  cystic  duct* 

Structure. — The  walla  of   the  gall -bladder   are  cons  true  ted  of 

throe  principal  coats,     (i)   Externally  {excepting  that  piirt  which 

it  m  contact  with  the  liver)  Is  the  Merous  coat,  whicli  haa  the  same 

struoture  as  the  peri  ton  etim  with  which  it  is  continnous.    Within 

thia  is  (2)  the  fibrous  or  areoUir  coat^  with  which   is  loingled  a 

considerable  number  of  plain  rausuular  fibres,  Vjoth  longitudinal 

and  circular,     (3)  Internally  the  gall-bladder  is  hned  by  mucoua 

membroDO,  and  a  layer  of  columnar  epithelium.     The  surface  of 

Kie   mucous  membrane  presout^a  to  the   naked  eye  a  minutely 

fcoueycombed  appearance  from  a  number  of  tinj  polygonal  depres- 

Mona  with  inter\*eniag  rldgeB,    by  which  its  surface  is  mapped 

out*      In  the  cystic  duct  the  mucous  meuibrane  ia  rnise^l   up  in 

the  form  of  erescentic  folds,  which  together  api>ear  like  a  spiral 

valve,   and    which  assist  the  gall-hhidder  in   retaining  the  bile 

during  the  intervals  of  digestion. 

The  gall  bladder  and  all  the  main  biliary  ducts  are  provided 
tfrttb  01UCOUS  glands,  which  open  on  the  internal  surface. 

Functions  of  the  Iiiver, 

The    functions  of  the  liver  are   coimected  with  the   general 
metabolism  of  the  body  ;  these  are  especially  in  connection  with 
the  tnetaboliam  of  car  iK>h  yd  rates  (glycogenic  function) ;  and  in 
connection  with  the  metabolism  of  nitrc^enous  material  (forma- 
tion of  urea  and  uric  acid).    This  second  function  we  shall  diwcnss 
Ppith  the  urine.     The  third  function  is  the  formation  of  bile,  which 
must  very  largely  be  roganled  as  a  subsidiary  one,  bile  containing 
^e  waste  products  of  the  liver,  the  results  of  its  other  activities, 
Khis,  however,  it  will  be  convenient  to  take  (irst 
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Bile  is  the  secretion  of  the  liver  which  m  poured  into  the 
dufwienuui ;  it  has  been  collected  in  living  imimals  by  means  of  a 
biliary  fistula  ;  the  same  operation  ban  oce4i3ionally  been  performed 
in  human  beings.  After  death  the  gall-bladdur  yields  a  good 
supply  of  bile  which  is  more  concentrated  than  that  obtained  from 
a  fistula. 

Bile  is  being  continuously  poured  into  the  intestine,  but  there 
is  an  iucreased  discharge  immediately  on  tlie  arrival  of  hmi  in 
the  duodenum ;  there  is  a  second  increase  in  secretion  a  few 
houiB  later. 


488  THE    LTTKK,  [0&.II1111. 

Though  th^  chief  blood  Bupplj  of  the  liv#r  U  b;  a  veiii  (tlii 
portal  vein),  the  amount  of  blood  in  the  liver  varies  with  iU  ti6ed% 
being  increased  during  the  periods  of  digestioti^  Thi»  is  due  to 
the  fact  that  in  the  area  from  which  the  portal  vein  ooMcetB  blood 
— stomach,  intestine,  apleen,  and  pancreas — the  arterioles  are  Ul 
dilated,  and  tht^  capi llanos  are  thuB  gorged  with  blood.  Further, 
the  active  peristalsis  of  the  intestine  and  the  pumping  action  of 
the  spleen  are  additioTial  factors  in  driving  moro  blood  onwards  to 
the  liver. 

The  bile  being  secreted  from  the  portal  blood  is  eeereted  li 
much  lower  pressure  than  one  finds  in  glanda  such  bm  the  salivaiy 
glands,  the  blood  supply  of  which  is  arteriaL  Ueideuhain  found 
that  the  pressure  in  the  bile  duct  of  the  dog  averaged  1 5  mm.  of 
mercury,  which  is  about  double  that  in  the  portal  vein. 

The  second  increase  in  the  flow  of  bile — that  which  oocun 
some  hours-  after  the  arrival  of  the  semi-digested  food  (chyme)  in 
the  intestine — appears  to  be  due  to  the  effect  of  the  diigestive 
products  carried  by  the  blood  to  the  liver,  stimulating  the  hepatic 
cells  to  activity  :  this  is  supported  by  the  fact  that  proteid  foqd 
increases  the  quantity  of  bile  secreted,  whereas  fatty  food  which 
is  absorbed,  not  by  the  portal  vemj  but  by  the  lacteals,  has  no 
such  effect. 

The  chemical  process  by  which  the  constituents  of  the  bile 
are  formed  are  obsciu'e.  We,  however,  know  that  the  is]i^ 
pigment  is  produced  by  the  decompogitipn  of  JiCBmoj^lobin.  BQi; 
rubin  is^  in  fact,  identical  with  the  iron-free  derivative  of  hjBgmo- 
gloBin  called  ha^matoidin,  which  is  found  in  the  form  oFcrystak 
in^oTd  blood-clots  such  as  occur  in  the  brain  after  cerebnl 
haemorrhage  (see  p.  416). 

An  injection  of  heemoglobin  into  the  portal  vein  or  of  subeUnces 
like  water  which  liberate  heemoglobin  from  the  red  blood  corpuscles 
produces  an  increase  of  bile  pigment.  If  the  spleen  takes  any 
part  in  the  elaboration  of  bile  pigment,  it  does  not  proceed  so  far 
as  to  liberate  ha;moglo])in  from  the  corpxiscles.  No  free  hemo- 
globin is  discoverable  in  the  blood  plasma  in  the  splenic  vein. 

The  amount  of  bile  secreted  is  differently  estimated  by  different 
observers  ;  the  amount  secreted  daily  in  man  varies  from  500  cc 
to  a  litre  (1,000  cc). 

The  constituents  of  the  bile  are  the  bile  salts  proper 
(taurocholate  and  glycocholate  of  soda),  the  bile  pigments  (bili- 
rubin, biliverdin),  a  inucinoid  substance,  small  quantities  of 
fats,  soaps,  cholesterin,  lecithin,  urea,  and  mineral  salts,  of 
which  sodixini  chloride  and  the  phosphates  of  iron,  calcium,  and 
magnesium  arc  the  most  important. 
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Bile  is  a  yeUowiah,  reddish-brown,  or  green  fluid,  according  to 
tlie  relative  preponderance  of  its  two  chief  pigments.  It  has  a 
musk-like  odour,  a  bitter-sweet  taste,  and  a  neutral  or  faintly 
alkaline  reaction. 

The  specific  gravity  of  human  bile  from  the  gall-bladder  is 
1026  to  1032  ;  that  from  a  fistula,  loio  to  loii.  The  greater 
concentration  of  gall-bladder  bile  is  partly  but  not  wholly 
explained  by  the  addition  to  it  from  the  walls  of  that  cavity 
of  the  mucinoid  material  it  secretes. 

The  amount  of  solids  in  bladder  bile  is  from  9  to  14  per  cent, 
in  fistula  bile  from  1*5  to  3  per  cent.  The  following  table  shows 
that  this  low  percentage  of  solids  is  almost  entirely  due  to  want 
of  bile  salts.  This  can  be  accounted  for  in  the  way  first  suggested 
by  Schiff — that  there  is  normally  a  bile  circulation  going  on  in 
the  body,  a  large  quantity  of  the  bile  salts  that  pass  into  the 
intestine  being  first  split  up,  then  reabsorbed  and  again  secreted. 
Such  a  circulation  would  obviously  be  impossible  in  cases  where 
all  the  bile  is  discharged  to  the  exterior. 

The  following  table  gives  some  important  analyses  of  human 
bUe: — 


OMMtttaents. 

(hS^r^MTt      Firtula  bile  (ewe 

Nonnalbile 
(Prerichs). 

Sodium  glycocholate 
Sodiam  taorocbolate 
Cbolesterin,  lecithin,  fat  . 
Madnoid  material  . 
Pigment  . 

1        06280      1 

0-0990 
01725 
0-0725 
0-4510 

0-165 

0055 

0038 

1       0-148 

0878 

1284 

98-716 

riS 
298 
078 

14-08 
85-92 

Total  solids      . 

Water  (by  difference)     . 

1-4230 
985570 

lOOXXXX) 

1 00000 

lOOOO 

Bile  KuoiJDu — There  has  been  considerable  diversity  of  opinion 
as  to  whether  bile  mucin  is  really  mucin.  The  most  recent  work 
in  Hammarsten's  laboratory  shows  that  differences  occur  in 
difierent  animals.  Thus  in  the  ox  there  is  very  little  true  mucin, 
but  a  great  amount  of  nucleo-proteid ;  in  human  bile,  on  the 
other  hand,  there  is  very  little  if  any  nucleo-proteid  ;  the  mucinoid 
material  present  there  is  really  mucin. 
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The  Bile  Salts. — The  bile  contaiDs  the  sodium  salts  of  com- 
plex amido-acids  called  the  bile  acids.  The  two  acids  most 
frequently  found  are  glycocholic  and  taurocholic  acids.  The 
former  is  the  more  abundant  in  the  bile  of  man  and  herbiTora ; 
the  latter  in  carnivorous  animals,  like  the  dog.  The  most 
important  difference  between  the  two  acids  is  that  taurocholic 
acid  contains  sulphur,  and  glycocholic  acid  does  not. 

Glycocholic  acid  (C26H43NO6)  is  by  the  action  of  dilute  acids 
and  alkalis,  and  also  in  the  intestine,  hydrolysed  and  split  into 
glycocine  or  amido-acetic  acid  and  cholalic  acid. 

C26H4aN06+H20  =  C.2H6NOa+C24H4o05 

[glycocholic  acid]  [glyoocine]      [cholalic  add] 

The  glycocholate  of  soda  has  the  formula  Ca6H42NaNO(|. 
Taurocholic  acid  ((:Ja6H46N07S)  similarly  splits  into  taurine 
or  amido-iseth ionic  acid  and  cholalic  acid, 

C26H45NO7S  +  H2O  =  CaHvNOaS  +  Ca4H4o05 

[taurocholic  acid]  [taurine]         [cholalic  add] 

The  taurocholate  of  soda  has  the  formula  C96H44NaN07S. 

The  colour  reaction  called  Fettenkofer's  reaction,  is  due  to 
the  presence  of  cholalic  acid.  Small  quantities  of  cane  sugar 
and  strong  sulphuric  acid  are  added  to  the  bile.  The  sulphuric 
acid  acting  on  sugar  forms  a  small  quantity  of  a  substance  called 
furfuraldehyde,  in  addition  to  other  products.  The  furfuraldehjde 
gives  a  brilliant  purple  colour  with  cholalic  acid. 

The  Bile  Pigments. — The  two  chi6f  bile  pigments  are  bili- 
rubin and  biliverdin.  Bile  which  contains  chiefly  the  former 
(such  as  dog's  bile)  is  of  a  golden  or  orange-yellow  colour,  while 
the  bile  of  many  herbivora,  which  contains  chiefly  biliverdin,  is 
either  green  or  bluish-green.  Human  bile  is  generally  described 
as  containing  chiefly  bilirubin,  but  there  have  been  some  cases 
described  in  which  biliverdin  was  in  excess.  The  bfle  pigments 
show  no  absorption  bands  with  the  spectroscope  ;  their  origin 
from  the  blood  pigment  has  already  been  stated. 

Bilirubin  has  the  formula  CieHigNjjOa  :  it  is  thus  an  iron-free 
derivative  of  .hsemoglobin.  The  .iron  is  apparently  stofeiS^up  m 
tlie  liver  cells,  perhaps  for  future  use  in  the  jnaiiirfacture  c^jaS 
hfiomoglpbin.     The  bile  contains  only  a  trace  of  iron. 

Biliverdin  has  the  formula  Ci6Hi^N204  (i.e.  one  atomof  oiygen 
more  than  in  bilirubin)  :  it  may  oceur  as  such  in  bile  ;  it  may  be 
formed  by  simply  exposing  red  bile  to  the  oxidising  action  of  the 
atmosphere  :  or  it  may  be  formed  as  in  Gmelin's  test  by  the  more 
vigorous  oxidation  produced  by  fuming  nitric  acid. 
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Qmeliu's  test  txjiiaistft  in  a  play  of  colours — ^green,  bliue,  red, 

Eitj   linnlly  yellow,  prtKiuccKi  by  the  oxidising  action  of  fuming 
lU'ie  iicid  (tbat  is,  nitric  licid  contftining  nitrous  acid  in  solution )- 
The  end  or  yellow  product  is  trailed  choletdin^  CigHigN^fV 

Hydtrolsilirttbm.^If  a  solution  of  bilirubin  or  bilivcrdin  in 
411  rite  alkali  is  treated  with  sodium  amalgaiu  or  allowed  to 
^putrefy,  a  bro^Miiuli  pigment,  which  is  a  reduction  product,  is 
K)ni)ed  caUed  hydrobilirubin.  CaaH4oNi<V  With  the  spectroscope 
B|  shows  a  dark  absorption  UHud  between  ^  and  F,  and  a  fainter 
Ktiijid  in  the  region  of  the  D  liue. 

Tills  substance  is  interesting  because  a  similar  substaitoa  is 
foraied    from   the  bile  pigment  by  reduction   processes   in  the 
In  destine,  and  constitutes  ^tarohtUnj  the  pigment  of  the  ficces, 
■Some  of  this  is  absorbed  aud  iiltirnately  leaves  the  body  in  the 
Bmjie  as  one  of  its  pigtnenta  called  uroiiilin*     A  small  quantity  of 
iirobilin  is  sooje times  found  preformed  in  the  bile.     The  identity 
^^  urobilin  and  stercobilin  has  been  frequently  disputed,  but  the 
Hecent    work   of   Uarrod   and    Hopkins   has   confirmed  the   old 
HjMpcaent   that   they  are   the    sjirne    3ul>stancc    with   differint 
^pIlQS.      Hydrobilin   differs   from    urobiliu   in   couUiining  much 
more  nitrogen  in  its  molecule  (93  iuMteiul  of  4-1  per  cent.). 
r^  Cholestorin^ — This  subatiince  isoontauied  not  only  in  bile,  but 
Wery  largely  In  nervous  tissues.     Like  lecitbin,  it  is  an  abundant 
BpQstituent  of  the  white  substance  of  Schwann,     It  is  found  also 
Htn    bl^xKi   qOrpuscles.     Id  bile  it  is  normally  present   in    small 
cpian titles  only,  but  it  may  occur  in  excess,  and  form  the  concre- 
tions known  m  gall-stones,  which  are  usually  more  or  less  tinged 
with  biUrubin: 

»,  Though  its  solubilities  remind  one  of  a  fat,  cholesterin  is  not  a 
fHLt*  It  isj  in  fact,  ohemically  speaking,  a  monatomic  alcohol.  Its 
formula  is  Cj|yIl4g.H0. 

From  alcohol  or  ether  containing  water  it  crystallises  in  the 
^nii  of  rbon^bic  tables,  which  contain  one  molecule  of  water  of 
j^at^allijiation  :  these  are  easily  recognised  under  the  microscope 

It  give*  tbe  following  colour  te^ts  :■ — 
.1*   With  icjdino  and  couccntrated  Bulphuric  aeid  the  crystals 
|iro  a  play  of  red,  blue,  and  green. 

.3,    Heflited  with  suljiburic  acid  and  water  {5  :  i)  the  edges  of 
the  crystals  turn  red* 

,  .  3p  a  sqlutioii  of  cbolestenn  in  chloroform,  shaken  with  an 
equal  aniouiilt  of  tjon  centra  ted  sulphuric  acid,  turns  red,  and  tilti- 
ely  purplej  tb^  subjacent  acid  acquiring  a  green  fluorescence, 
Ikowisks'  reaction*) 
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"  The  mode  of  origin  of  cholesterin  in  the  body  h«s  not  been 
clearly  made  out.  Whether  it  is  formed  in  the  tissues  genenllj, 
in  the  blood,  or  in  the  liver,  is  not  known ;  nor  has  it  been 
determined  conclusively  that  it  is  derived  from  albuminoos  or 
nervous  matter.  It  is  also  doubtful  if  we  are  to  regard  it  as  i 
waste  substance  of  no  use  to  the  body,  as  its  presence  in  the 
blood-corpuscles,  in  nervous  matter,  in  the  eggy  and  in  vegetable 

grains,  points  to  a  possible  fune- 


Fig.398.— Grystallinescaleflofcholetterin. 


tion  of  a  histogeoetic  or 
forraing    character."       (MoKea. 
drick.) 

A  substance  called  uo-Me- 
Btrrin,  isomeric  with  oidimy 
cholesterin,  is  found  in  the  fittj 
secretion  of  the  skin  (sebum);  it 
is  largely  contained  in  the  pre- 
paration called  landme  made 
from  sheep's-wool  fat.  It  does 
not  give  Salkowski's  reactioD 
with  chloroform  and  sulphuric 
acid  just  described. 
The  Uses  of  Bile. — One  of  the  most  remarkable  facts  xaor 
ceniing  the  bile  is  its  apparently  small  use  in  the  digestion  of 
food.  It  is  doubtless,  to  a  large  extent^  excretory.  Some  state 
that  it  has  a  slight  action  on  fats  and  carbohydrates,  but  it 
appears  to  be  rather  a  coadjutor  to  the  pancreatic  juice  (eepeciallj 
in  the  digestion  of  fat)  than  to  have  any  independent  digeitiTe 
activity.     In  some  animals  it  has  a  feeble  diastatic  power. 

Bile  is  said  to  be  a  natural  antiseptic,  lessening  the  putrefaotiTe 
processes  in  the  intestine.  This  is  also  very  doubtful.  Though 
the  bile  ualte  are  weak  antiseptics,  the  bile  itself  is  readily 
putresoible,  and  the  power  it  has  of  diminishing  putrescence  in 
the  inteuthic  is  due  chiefly  to  the  fact  that  by  increasing  absorp- 
tion it  lessens  the  amount  of  putrescible  matter  in  the  bowel 

When  the  bile  meets  the  chyme  the  turbidity  of  the  latter  11 
increased  owing  to  tlie  precipitation  of  unpeptonised  proteid. 
This  is  an  action  due  to  the  bile  salts,  and  it  has  been  surmised 
that  this  conversion  of  the  chyme  into  a  more  viscid  mass  is  to 
hinder  somewhat  its  progress  through  the  intestines ;  it  clings  to 
the  intestinal  wall,  thus  allowing  absorption  to  take  place. 

Bile  is  alkaline;  it  therefore  assists  the  pancreatic  juice  in 
neutralising  the  acid  mixture  that  leaves  the  stomach. 

Bile  assists  the  absorption  of  fats,  as  we  shall  see  in  studying 
that  subject.     It  is  aUo  a  solvexvt.  of  fatty  <iA&\d%« 
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We  have  ieen  tbftt  6sttila  bile  m  poor  iti  solids  a^  compared 

with  nomm!  bile,  and  fchat  this  m  explained  on  the  supposition 

t  the  normal  bile  circulation  13  not  occurring — tbe  liver  cannot 

Crete  what  it  doca  not  receive  back  from  the  intestine.  SchifF 
waa  the  firat  to  show  that  if  tbe  bile  is  led  back  into  the 
daodennrn,  or  even  if  the  animal  is  fed  on  bile,  the  percentage 
of  solids  in  the  bile  excreted  is  at  once  raised.  It  is  on  these 
eaEperiments  that  the  theory  of  a  bile  circulation  is  mainly  founded. 
The  bile  circulation  relates,  however,  chiefly,  if  not  entirely,  to 
the  bile  salts :  they  are  found  but  sparingly  in  the  froces  ;  they 
are  only  represented  to  a  slight  eitent  in  the  urine  :  hence  it  is 
calculated  that  seven-eighths  of  them  are  reabsorbed  from  tbe 
inl^etine.  Small  q  nan  titles  of  cholalicacid,  taurine,  and  glycoclne 
are  found  in  the  fneccs  ;  the  greater  part  of  these  products  of  the 
decomposition  of  the  bile  salts  is  taken  by  the  portal  vein  to  the 
liver,  where  they  are  once  more  synthetised  into  the  bile  salts. 
Some  of  the  taurine  is  absorbed  and  excreted  as  tauro-carbamic 
acid  in  tbe  urine.  Some  of  the  absorl*cd  glycoclne  may  be 
excreted  as  nrea  or  uric  acid.  The  cholesterin  and  mucus  are  found 
in  tbe  f feces  ;  the  pigment  is  changed  into  stercobilin,  a  substance 
like  bydrobilirubin.  Some  of  the  Btercobtlin  is  alisorbed,  and 
leaves  the  body  as  tbe  urinary  pigment,  urobilin  (see  p.  491)* 

The  bile-expelling  tnechamam  must  be  carefnlly  distin^ 
guisbed  from  the  bile-secreting  action  of  the  liver-cells*  Tbe  bile 
18  forced  into  the  ducts,  and  ultimately  into  the  duodenum,  by 
the  preaeure  of  newly^onned  bile  pressing  on  that  previously  in 
the  ducts,  and  this  is  assisted  by  the  contraction  of  the  plain 
muscular  fibres  of  the  larger  ducts  and  galb bladder,  which  occurs 
reflexly  when  the  food  enters  the  duwienum.  In  cases  of  obstruc- 
tion, as  by  a  gall-stonc,  in  the  ducts,  this  action  becomes  excessive^ 
and  gives  rise  to  the  intense  pain  known  as  kepatk  colic. 

Many  so-called  fAo^^i^^j^^wi?  {bile-drivers),  like  calomel,  act  on  the 
bile- expelling  mechaniiim  and  increase  the  peristalsis  of  the  mus- 
cular tii^ue  ;  they  do  not  really  cause  an  increased  fonnation  of  bile. 

Jaundice, — -The  commonest  form  of  jaundice  is  produced  by 
obstruction  in  the  bile  duets  preventing  tbe  bile  entering  the 
intestine,  A  very  small  amount  of  obstruction,  for  instance,  a 
plug  of  mucus  produced  in  excess  owing  to  inflammatory  processes, 
will  often  be  sufficient,  as  the  bile  is  secreted  at  such  low  pressure. 
Under  these  circumstances,  the  ffficeJl  are  whitish  orclay  coloua>d, 
and  tbe  bile  passing  bewsk wards  into  the  lymph,*  enters  the  blood 

•  The  absorptioa  tii  by  the  Ijioplit  becait'M?  if  ]aunciiee  i&  prtxluced  in 
an  animal  ky  ligntiire  of  the  bil^  dui^t,  it  will  Lease  whcm  the  Ihoracic 
duct  la  tTed. 
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and  is  thus  distributed  over  the  body,  oausing  a  yellow  tint  in  the 
skin  and  mucous  membranes,  and  colouring  the  urine  deeply. 

In  some  cases  of  jaundice,  however  {e.g,  produced  by  Yarioni 
poisons),   there   is    no  obvious  obstruction  ;  the  causes  of  non- 
obstructive, or  blood-jaundice,  form   a   pathological  problem  of 
some  interest.     A  few  years  ago  it  was  believed  that  the  bile 
pigment  was  actually  produced  in  the  blood.     But  all  recent  work 
shows  that  the  liver  is  the  only  place  where  production  of  bile 
I  occurs,  and  that  iuiUlca^es^of^so^called  non-ob8^tru<^veJaUDdice> 
the  bile  is  absQrbeS^-^om  the  liven ^^TVere  may  be  obstructioii 
L present  ii'r the  smaller  diicls,  or  tKe  functions  of  the  liver  maybe 
jao  upset  that  the  bile  passes  into  the  lymph  even  when  there  ia 
no  obstruction. 

The  Glycogenic  Function  of  the  lAver. 

The  important  fact  that  the  liver  normally  forms  sugar,  or  a 
substance  readily  convertible  into  it^  was  discovered  by  Claude 
Bernard  in  the  following  way  :  he  fed  a  dog  for  seven  days  with 
food  containing  a  large  quantity  of  sugar  and  starch  ;  and,  aB 
might  be  expected,  found  sugar  in  both  the  portal  and  hepatic 
blood.  But  when  this  dog  was  fed  with  meat  only,  to  his  siuv 
prise,  sugar  was  still  foimd  in  the  blood  of  the  hepatic  veins. 
Repeated  experiments  gave  invariably  the  same  result ;  no  sugar 
was  found,  under  a  meat  diet^  in  the  portal  vein,  if  care  were 
taken,  by  applying  a  ligature  on  it  at  the  transverse  fissure,  to 
prevent  reflux  of  blood  from  the  hepatic  venous  system.  Bernard 
found  sugar  also  in  the  substance  of  the  liver.  It  thus  seemed 
certain  that  the  liver  formed  sugar,  even  when,  from  the  absence 
of  saccliarine  and  amyloid  matters  in  the  food,  none  could  have 
been  brought  directly  to  it  from  the  stomach  or  intestines. 

Bernard  found,  subsequently  to  the  before-mentioned  experi- 
ments, that  a  liver,  removed  from  the  body,  and  from  which  all 
sugar  bad  been  completely  washed  away  by  injecting  a  stream  of 
water  through  its  blood-vessels,  contained  sugar  in  abundance 
after  the  lapse  of  a  few  hours.  This  post-mortem  production  of 
sugar  was  a  fact  which  could  only  be  explained  on  the  supposition 
that  the  liver  contained  a  substiince  readily  convertible  into  sugar; 
and  this  theory  was  proved  correct  by  the  discovery  of  a  substance 
in  the  liver  allied  to  starch,  and  now  termed  glycogen. 

We  are  thus  led  to  the  conclusion  that  glycogen  is  formed 
first  and  stored  in  the  liver  cells,  and  that  the  sugar,  when 
present,  is  the  result  of  its  transformation. 

Source  of  Glycogen. — Although  the  greatest  amount  of  glycogen 
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is  produced  by  tho  liver  upou  a  diet  of  starch  or  sugar,  a  eertaiu 

I  i|mifittty  is  produced  upon  a  proteid  diet.     It  miist,  tben,  be  prO' 

iduced   by  proUtpittsmic  activity  witbtu   the  cells.      The  glycogen 

rl*eu   stored  in   the  liver  c+?lls  amy  readily  be  demonstrated  in 

lecltoiis  of  bver  containing  it  by  its  reaction  (red  or  port-wine 

dlour)  with  iodine,  and  moreover^  when  the  hardened  flections  are 

iked  in  water  in  onler  to  dissolve  out  the  glycogen,  the  proto- 

pla&ni  oi  the  cell  is  no  vacuolated  as  to  appear  little  more  than  a 

rk.     til  the  liver  of  a  hi  he  mating  frog  the  amoiuit  of 

_    fc  gtore*i  up  in  the  onter  parta  of  the  liver  cells  in  very 

Einsiderable. 

AtNtfoge  Anwunt  of  G I  ^cor/eft  m  the  Itiwr  o/  Dogs  ufidtr  va/n€nu 

Dki$  (Pavy). 

7  Diet*  Amount  of  Glycogen  in  Liver. 

Animal  food    .......     U  9  p^r  cent, 
Ajiimarr^^with  sngar^ho  u  tj^  1  b.  of  sugar  d  ai  ly )    14*5         „ 
A^#ge cable  3i©€(potaloes^^h  "BreaH  or  bitrley-ftieal )   1 7 "  2  3       „ 

The  dependence  of  the  formation  of  glyt^gcu  on  the  kind  of 
food  token  is  also  weU  shown  by  the  following  resulu,  obtained 
H  by  the  same  experimenter: — 

^  A^f^rtigt  QuJintltp  of  Glycogen  found  in  Oie  Livrr  of  RahhtU  of  let' 

FaMifujf  iitul  after  a  Diet  of  ^^tarch  and  Su^ar  mpeetitfil^, 
^K  Average araomit  of  01ycogc»ti  in  Liver. 

^1     After  fasting  for  three  days  .  Practically  absent, 

^B        J,     diet  of  starch  and  grape-ungar  15-4  per  cent. 

H        „  „       caue^sugiir  16*9        j, 

V  The  diet  most  favounible  to  the  production  of  a  lai^e  amount 
of  glycogen  is  a  mixed  diet  containing  a  large  amount  of  carbo- 
hydnite,  but  with  some  proteid.  Fats  taken  in  as  food  do  not 
iucretise  the  amount  of  glycogen  in  the  celli?.  Glycerin  injected 
into  the  alimentary  canal  may  increase  the  glycogen  of  the  liver, 

prtjbably  because  it  hinders  the  conversion  of  glycogen  into  sugar 

And    other   tsulistances ;    the   glycogen   therefore   is   allowed    to 
ceumnlate  in  the  liven 

Dfstinaiion  of  Glycof/en. — There  are  two  chief  theories  m  to 

he  deati nation  of  hepatic  glycogen,     {i*)  That  the  glycogen  is 

n Verted  into  sugar  ftnring  life  by  the  agency  of  a  ferment  (/twer 

'i(istnse)  alirio  formed  in  the  liver  ;  and  that  the  sugar  is  conveyed 

way  by  the  blood  of  the  liepatic  veins,  to  undergo  combustion  in 

the    tissues,     {2.)  That  the   con  version  into  sugar  only  occurs 

after  death,  and  that  during  Ufe  no  siigar  exists  in  healthy  livers, 

glycogen  not  undergoing  this  transformation. 


4^6  THE  LIVBB.  [ca-xxnii. 

The  first  view  is  that  of  Claude  Bernard,  and  has  been  adopled 
by  the  majority  of  physiologists.  Tbe  second  view  is  that  of 
Dr.  Pavy  :  he  denies  that  the  liver  is  a  sugar-fonning  otg^  be 
regards  it  as  a  sugar-destroying  organ ;  the  sugar  is  stored  u 
animal  starch,  but  never  again  leaves  the  liver  as  sugar  diuing 
life.  He  has  been  miable  to  find  more  sugar  in  the  hepatic  blood 
than  in  the  portal  blood.  Other  observers  have  found  an  inereue 
in  the  sugar  of  the  blood  leaving  the  liver,  but  the  estimatiott 
of  sugar  in  a  fluid  rich  in  proteids,  as  is  thd  blood,  is  a  matter 
of  great  difficulty.  Even  if  the  increase  is  so  small  as  hardly  to 
be  detected,  it  must  be  remembered  that  the  whole  blood  of  the 
body  passes^  through  the  liver  at  least  twicea_^minute,  so  that  a 
very  small  increase  each  time  would  mount  up  to  a  large  total 

Pavy  further  denies  that  the  post-mortem  formation  of  sugir 
from  glycogen  that  occurs  in  an  excised  liver  is  a  true  pictuR 
of  what  occurs  during  life,  but  is  due  to  a  ferment  which  is  only 
formed  after  death.  During  life,  he  regards  the  glycogen  as  a 
source  of  other  substances,  like  fat  and  proteid.  It  is  certainly 
a  fact  that  increase  of  carbohydrate  food  leads  to  the  fbnnatioo 
of  fat  in  the  body  and  in  the  liver-cells.  In  support  of  the  theoiy 
that  glycogen  may  also  lead  to  the  formation  of  proteids,  he  hu 
shown  that  many  proteids  contain  a  carbohydrate  radicle. 

The  whole  question  is  in  a  very  unsettled  state,  and  is  under 

keen  discussion  at  present.     We  may  state,  however,  that  the 

prevalent  opinion  is  that  the  liver-cells  may  be  able  to  convert 

part  of  the  store  of   glycogen  into   fat,  but  that  most  of  the 

glycogen  leaves  the  liver  as  sugar,  so  justifying  the  name  (literally, 

mother  substance  of  sugar)  given  to  it  by  Bernard. 

•  \  Carbohydrate  metabolism  is  thus  a  series  of  hydrations  and 

idehydrations  before  combustion   finally  occurs.     Stargh^is  fint 

Ihydrated  in  the  alimentary  canal  to  form  JSUgUT-     This  gyagy  iy 

/the  liver,  where  it  is  dehydrated  to  form  glyoog^  or  anhnal 

/  starch  ;  and  finally  hydrated  once  more  to  pass  to  the  tisBues  M 

/  ®^l£2£-»  ^^'^^^^  ^^  undergoes  cdmbuiaiiSn.     '  "^  "    *'**^ 

"Xlabetes. — In   certain  disorders  of  hepatic  metabolism,  the 

glycogenic  function  is  upset,  and  excess  of  sugar  passes  into  the 

blood,  leaving  the  body  in  the  urine  {glycosuria).     This  may  be 

due  to  an  increased  formation  of  sngair  from  glycogen,  or  to  a 

diminished  formation  of  glycogen  from  the  sugar  of  the  portal 

blood,  according  as  either  Bernard's  or  Pavy*s  view  of  the  liver 

function  is  adopted.     Iil  many  cases  the  diabetic  donditioQ  daay 

be  removed  by  a  close  attention  to  diet ;  starchy  and  saocoharittls 

food  must  be  rigidly  abstained  from. 

In  other  cases,  which  ate  tnwch  more  inriORffi^  diet  miAfciB  Ittik 
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diSeretice.     Uuder  tlieiie  circmnafcaneee  the  sugar  Evust  come 

the  metiilj*:>!isyi  of  the  proteid  cc^iiBtitiienta  of  prritfiplusm. 
:it*    tliJ^fiae  diaht-te^  ts  not  a  mtigle  one  ;  the   tenii   in  eludes 
many  pfctliological  eonditiouw,  wliich  ull  possess  in  ootumoti  the 
pUiiu  of  exct*tss  of  sugar  in  the  IjIimxI  oiid  (irine. 
ditibetic  coiiditiou  iimy  be  produced  in  animals  artificially  in 
rai  ways:— 

)   B^  iiuifMu*  pwmtMrt^ — Claude   Bernard   was   the  first  to 

w  that  injury  to  the  firwr'of  the  fourth  ventricle  in  the  region 

the  vifcso-motor  centre  leads  to  glycosuria*     The  injury  pnxluces 

ialiirbauce  of  the  vaso-motor  mecbanismj  but  diabetes  cannot 

r^&ftled  £^  purely  vaso- motor  in  origin. 

This  condition  is  of  interest,  beoau^   brain  diseiise  m  man, 
pecially  in  ttie  region  of  the  bulb,  is  frequently  associate  with 

)   J5y  ejrtif-ijafmi  u/  tht  pancrta»^ — This   is   alluded   to   on 
So. 

(j)   ^P  miminiUratum  of  phl&ridzm. — Many  poisons  produce 

poraiy  glycosuria,   but    the  most    interesting  and   jiowerful 

these  15  phloridziu.     The  diabetes  prcKlueed  is  very  intense. 

iridzin  is  a  glucosidc,  but  llie  sugar  jjassed  in  the  urine  is  too 

.t  to  be  accounted  for  by  the  sinall  amotuit  of  sugar  derivable 

the  drug.     Besides  thiit,  phi  ore  tin,  a  derivative  of  pblorids^Ju, 

from  sugar,  produces  the  same  reaulta, 

Phloridzin  j^rmluces  diabetes  in  starved  animals,  or  in  those  in 

which  any  carbohydrate  store  must  have  been  got  rid  of  by  the 

previous  administmtion  of  the  same  drug.     Phlorid^in diabetes  ia 

therefore  analogous  to  those  intense  forma  of  diabetes  in  nuni   in 

which  the  sugar  must  be  derived  from  protoplasmic  metatiolisni. 

I         Ac0toiig@niia« — Death  in  dialietic  patients  is  usually  preceded 

by  <leep  coma,  or  uneonsciousnesa.     Some  poison  nuist  be  pro- 

ductal  that  acts  soporifieaHy  upon  the  brain.     The  breath  and 

urine  of    these  patients  smell   strongly  of  a^setone  ;    hence  the 

I     term   aceUmo^min.     Thi.s  apple-like  smell  should  always  suggest 

the  |s>ssible  onset  of    coma    and  death,  Init   it    is    exceedingly 

^^pubtfu)  whether  acetone  (which  can  certainly  be  detected  in  the 

^■eitie)  is  the  true  poison  ;  ethyWliacetic  acid,  which  accompanies, 

^Tbd   is  the  source  of  the  acetone,  wa^s  regarded   by  some  as  the 

actual   poison,   but  these  subsUinces,    when    intixKluced  into  the 

(circulation  artificially,    do    not    cause    serious    sympt^ims.     The 

rtctual   poison  is  a  matter  of  doulit ;  the  idea  most  in  vogue  at 

present  is  that  it  is  hydroxy  but}  ric  acid,  which  is  disco  verohle 

tht*  blood,  and  urine  of  the  patients  who  die   from  son-ailed 

Uineemia, 
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The  NervoB  of  the  Liver, 


[oh,  uxjt. 


Claude  Itcniarfl  obaorved  that  an  increase  of  BUgar  in  the  blood 
is  bnnight  about  by  stimulation  of  the  central  and  periphenl 
ends  of  tht^  divided  vagiiB^  and  that  on  the  aection  of  both  vigi 
sugar  di8upi>ear8  from  tlie  blood,  and  glycogen  from  the  Utct  ind 
tissues  geuerally.  These  results  have  been  eonfirmed  in  retem. 
experimeutH,  and  it  has  been  in  addition  found  that  atimulatko 
of  the  cojli^ic  plexus  also  leads  to  a  loss  of  glycogen  in  the  liver, 
with  a  corresfioiiding  production  of  glucose  that  passes  into  the 
blood.  Tin?  d  isnpjjeimmce  of  glycogen  from  the  liver  cells  ifler 
the  stinuiliition  of  these  nerves  can  also  be  seen  bistologicallf 
(Cavazzani).  Tht^se  results  are  due  to  a  direct  influence  of  tbe 
nerves  on  the  liver  tells,  for  they  are  o}>tained  vhile  the  circuli- 
tion  is  iutuct,  or  wlicrv  it  in  stopped  by  a  ligature  of  the  aorta 
and  portal  vein  (M(»n\t  and  Dufourt). 

Viuo-motor  twrves. — The  vaso-constrictor  fibres  for  the  portal 
vein  leave  the  spinal  cord  in  the  third  to  the  eleventh  thoiacL 
nerves  inclusive  (Bjiyliss  and  Starling).    The  nerves  of  the  bqi^: 
artery  are  constrictors  contained  in  the  splanchnic,  and  dilataj/j 
in  both  splanchnic  and  vagus.  ^ 
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Food  is  digested   in  order  that  it  may   be  absorbed 
absorbed  in  order  that  it  may  l>e  assimilated,  that  is,  \J^^  * 
integral  part  of  the  living  material  of  the  body.  "^^^ooae  u 

The  iligested   fotnl   thus  diminishes    in  uuantitv  aa  • 


or  indivrcstibU*  ri'siduc. 


In  the  n.,uth  and  avsophagus  the  thickuoss  of  tbe  epitheU, 
i)assjme  of   the  food  t.V>^..  x    .v. V     , 


and   the  <juick   j)assjij:e 


absorption  to  ii  inmiinum.       Atisoriiv;,,,.  , >*     ,.^ ' 

lilt y  "■•>"■»'>  i.«Sr^>nSL:ST: 


iJKptic 


..««.u.i,  u,,  vn,i  .,„  .w..,^'- J^H^Xft^S 

occurs  there  also,  but  to  a    1  ^.>w     ^^n^"^ 

Foods  such  as  water  an.!  ^t>V^''^        \^^^-^ 

absorbed  unchanged.     The       ^^''  ^>^^^\^  J  ^V^. 

ably  changed,   colloid   "^at^  ^X^^^^^^Vy  ,|  ^^^^^^tjj**^^ 


va 


e\'^> 
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cosmyerted  respectively  into  the  difFusible  materials  sugar  and 
peptone. 

There  are  two  channels  of  absorption,  the  blood-vessels  (portal 
cskpillaries)  and  the  lymphatic  vessels  or  lacteals. 

Absorption,  however,  is  no  mere  physical  process  of  osmosis 
dK%<l  filtration.  We  must  also  take  into  account  the  fact  that  the 
cells  through  which  the  absorbed  substances  pass  are  living,  and 
in.  Tirtue  of  their  vital  activity  not  only  select  materials  for 
ab>sorption,  but  also  change  those  substances  while  in  contact 
vit;li  them.  These  cells  are  of  two  kinds — (i)  the  columnar 
epi'thelium  that  covers  the  surface;  and  (2)  the  lymph  cells  in 
thke  lymphoid  tissue  beneath.  It  is  now  generally  accepted  that 
of  the  two  the  former,  the  columnar  epithelium,  is  the  more 
important 

^bsoiption  of  Carbohydrates. — Though  the  sugar  formed 
from  starch  by  ptyalin  and  amylopsin  is  maltose,  that  found  in 
the  blood  is  glucose.     Under  nonnal  circumstances  little  if  any 

*  absorbed  by  the  lacteals.  The  glucose  is  formed  from  the 
'^'^^Itose  by  the  succus  entericus,  aided  by  the  action  of  the 
epithelial  cells  through  which  it  passes.  Cane  sugar  and  milk 
^'^^r  are  also  converted  into  glucose  before  aVwjorption. 

'  The  carbohydrate  food  which  enters  the  blood  as  glucose  is 
**^en  to  the  liver,  and  there  stored  up  in  the  form  of  glyijogen — 

*  i^serve  store  of  carbohydrate  material  for  the  future  needs  of 
"®  body.     Glycogen,  however,  is  found  in  animals  who  take  no 

^^bohydrate  food.  It  must,  then,  be  formed  by  the  proto- 
plasniic  activity  of  the  liver  cells  from  their  protoid  constituents. 

he  glycogenic  function  of  the  liver  is  discussed  in  the  cbai)ter 
preceding  this.  Glucose  is  the  only  sugar  from  which  the  liver 
^  ^pable  of  forming  glycogen.  If  other  carbohydrates  like  cane 
'^gar  or  lactose  are  injected  into  the  blood-stream  direct,  they  are 
^^^altered  by  the  liver,  and  finally  leave  the  body  by  the  urine. 

.  '^bsorp^on  of  Proteids. — A  certuiu  anioiuit  of  soluble 
P*t>teid   is   absorbed    unchanged.     Thus,    after    taking    a    larjre 

'^liber  of  eggs,  egg  albumin  is  found  in  the  urine.      Patients 
^  per  rectum  derive  nourishment   from    proteid   food,   though 
Proteolytic  ferments  are  not  present  in  this  part  of  the  intestine. 
Moat  proteid,  however,  is  nonnally  absorbed  as  peptone  and 
P^^teose  (albumose).      Peptones  and   proteoses  arc  absent  from  : 
,**^   blood  under  all  circumstiuices,  even   from  the  jmrtal  blood 

'^rtng  the  most  active  digestion.      In  other  words  during  absorj)- 

^^  the  epithelial  cells  change  the  products  of  proteolysis 
JP^ptones  and  proteoses)  back  once  more  into  native  jjroteids 
wbiiniin  and  globulin). 
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The  greater  part  of  the  proteid  abeorbed  parses  iiit*>  tht  Wr^M: 
a  little  into  the  lymph  vessels  also  ;  but  this  imdi 
change. 

When  peptoue  (using  the  word  to  include  the  protoow^  ^m\ 
is  injected  into  llie  hlood -stream,  poiaonoua  cflects  arc  pro<iu<Mj^ J 
the  coagulubility  of  the  blood  in  lessened ^  the  blfXHj  pres^ijre  Wi^l 
sectctioti  ceases,  and  in  the  dog  03  gramme?  of  **  peptoue  '  |tf 
kilogramme  of  V}ody  weight  is  sufficient  to  kill  the  animal. 

The  epithelial  cells  of  the  alimentary  caJial  ihuu  pnitm  m  I 
from  those  poisonous  effects  by  converting  the  bannful  peptt%  I 
into  the  useful  albumin. 


lig.  3P9*— fiMtion  of  the  viUuh  of  a  njt  liilled  during  fat  Almarption*     fp.  \-fAthtiim 
Mr,  rtri*t*d  bonier ;  c,  ^TOph-ci'lls ;  c',  Ijinpli-tvllK  in  thu  epitftuliiim ;  /,  i::^utiiJ  b<id  I 
oontiilsliig  dbiuit«^g7vtjtig  1  jrnph-corpuiiclea .     ( E .  A .  Bdhif cf.  i 

Absorption  of  Fats,— The  fats  undeiigo  in  tiu*  intestine  two  I 
changes  t    one   a  physicitl   change  (emulsification ),   the  other  &  ] 
chemical  change  (Baponiticatifiti).     ITie  lymphatic  vessels  aru  the  | 
great  clianuela   for   iat  abi^t^rption,  and   tbeir  name  la^tmh.  is 
derived  from  tlie  milk- like  lippcarance  of  their  conteiitt*  \ch^li) 
during  the  ah&urption  of  fat. 

The  way  in  whitjli   the   minute   fat   globules  puss  from  tiit 
intestine  into  the  lacleids  has  been  the  &\d»ject  of  much  oQUtru- 
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11184?  they  take  may  be  studied  hj  kiJlitig  auimals 
liods  after  a  nieiil  of  fat  and  makitig  osmic  ncid 
^rations  of  the  villi.  Figa.  399  and  400  illuatrate 
»  ol>4jerverl  by  Profesaor  Schafor. 
|r  eptthelium  eelb  b^ome  first  filled  with  fatty 
lyiiijr  aisie,  which  arc  generally  larger  near  the  free 

globules   pass   down    the   cells,    the    larger   atiea 

ito  arimller  oues  during  the  journey  ;  they  are  then 

tlie  ainfybatd  cells  of  the  lymphoid  tissue  beneath  : 

iy  penelnit«  into  the  central  lacteal,  where  they 

irate   or   diaoliarge    their  airgo    into    the   lymph 

Wobulea  are  by  this  time  divided  into  immeasurably 

imolecnlar  basts 

fchyle  entera  the 

by  the   thoracic 

er  an  abundEint 

f  1)1  ooii- plasma  ia 

Mie  fat  droplets 

it  they  circulate 

tnce  through  the 

The    fat   in   the 

meal    is  even- 

ip  in  the  cou- 

eOa  of  adipose 

Btj  however,  be 
I  that  the  fat  of 
hot    exfjlueiively 

Ihe  fat  of  tlie  Food,  but  it  may  originate  also  both 
fro  I  a  ca  r  \  kj  hy  d  rate. 

Bculty  in  fat  absorption  was  to  explain  how  the  fat 

Ke  eolumnar  epithelium  \    these  cells  will  not  take 

ilos,  and  it  appears  certain  that  the  epithelial  cells 
•  higher  animals  pnHrude  psetidopodia  from  their 
lowever,  does  occur  in  tfie  endoderm  of  some  of  the 
ratee)  ;  tuoreover  fat  particle*?  have  never  been  seen 
I  border  of  the  cells. 

krch  has  shown  that  particles  may  be  present  in 
land  lymphoid  celk  while  no  fat  is  being  abaorl>cd. 
jiare  apparently  protoplasmic  in  nfttiire,  as  they  eUiin 
Slat  stain  protopiasnnc  granules  ;  they  however  also 

tth  osmic  acid  J  and  no  are  apt  to  be  mistaken  for  fat. 
?er,  no  doubt  that  the  particles  found  during  fat 
composed  of  fat-     There  is  no  doubt  that  the 
fh&VB  the  power  of  forming  fat  out  of  the  fatty 


Tig.  20o^— MuwiuH  iTM'mbrwif  of  ffog'i  latoft- 
tme  duHng  fat  abftorptiun.  ep»  epitbe- 
liiua;   vtf,   »tnAted  border;    C,  Ifmph 
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acids  and  glycerine  into  which  iats  have  been  brok€ii  up  in  tbi 
intestine.  Munk^  who  haa  performed  a  lai^e  tnunber  of  eipov 
ments  on  the  subjectf  showed  that  th#  splitting  ol  fau  iitte 
glycerine  and  f titty  acidic  occurs  to  a  much  giieater  eitetit  tluu 
was  formerly  suppoeed ;  these  flubatancea  being  soluble  paa 
readily  into  the  epithelium  cells;  and  these  cells  perform  tbe 
synthetic  act  of  building  them  into  fat  once  more,  the  fat  n 
formed  appearing  in  the  form  of  small  globules,  surrounding  or 
becoming  uilxed  with  the  protoplasmic  granules  that  are  ordiiiinl|^ 
present.  Another  remarkable  fact  which  he  made  out  is  thit 
after  feeding  au  animal  on  fatty  acids  the  chyle  ooutaina  fiL 
The  necesaary  glycerine?  must  have  been  formed  by  protoplaaiiie 
activity  during  abtiorpttoTL  The  more  recent  work  of  Moore  ud 
Ilockwood  Ima  shown  tlmt  fat  is  absorbed  entirely  as  fatty  aoidv 
soap ;  and  that  preliminary  emulsification,  though  advaDtageooi 
for  the  formatioti  of  these  substances,  is  not  essential. 

We  thus  sec  how  with  increase  of  knowledge  due  to  improvd 
metliods  of  research,  a  complete  change  has  oome  in  the  idtm 
physiologists  hold  regarding  this  subject.  It  is  not  so  manj 
years  ago^  that  the  physical  change— emulsification — which  ftti 
undergo  iu  the  intestiue  was  consider^  to  be  more  tmpOftaol 
than  the  chemical  changes — fatr splitting  and  saponifioatiotL  h 
fact,  the  ^matl  amotmt  of  chemical  change  which  was  suppond 
to  occur  wiia  regarded  as  quite  subordinate,  and  of  Talue  mml^ 
in  assisting  the  process  of  emulsificatton.  We  now  know  that  tbe 
exact  converse  is  the  truth  ;  the  chemical  change  is  theimpoitaBt 
process,  and  cmulaification  the  subordinate  one. 

Bile  aids  the  digestion  of  fat,  in  virtue  of  its  being  a  Boheaid 
fatty  acidsj  and  it  probably  assists  fat  absorption  by  reducing  the 
surface  tension  of  the  intestinal  contents  \  membr^oes  moistened 
with  bile  allow  fatty  materials  to  pass  through  them  moR 
readily  than  ^^  uuhi  otherwise  be  the  case.  In  cases  of  dtacafe  m 
which  bile  is  absent  from  the  intestines,  a  large  proportion  of  thi 
fat  in  the  fiKid  passes  into  the  Pbdc^, 

The  fsBC&s  are  alkaline  iu  reaction,  and  contain  the  followiitg 
subsUinccs : — ■ 

1.  Water:  in  health  from  68  to  83  per  cent. ;  in  dianrhoeait 
is  more  abundant  sttll 

2.  Undigested  food  :  that  is,  if  food  is  taken  in  exoeeSi  some 
escapes  the  action  of  the  digestive  Juices.  On  a  modem te  diet 
unaltered  protoid  is  never  found. 

3.  Indigestible  constituents  of  the  food  :  celluloee,  kecatiB, 
mucin,  chlorophyll,  gums,  resins,  cholesterin. 

4.  Constituents   digestible  with  difficulty  :    unoocAed  iitiicch, 
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tfindona,  elaatin,  various  phosphates,  and  other  salts  of  the  alkaline 
euths. 

5.  Products  of  deoomposition  of  the  food  :  indole,  skatole, 
phenol,  acids  such  as  fatty  acids,  lactic  acid,  tfec. ;  htematin  from 
hsBOtioglobin ;  insoluble  soaps  like  those  of  calcium  and  magnesium. 

6.  Bacteria  of  all  sorts  and  d'shris  from  the  intestinal  wall ; 
cells,  uucleiy  mucus,  ifec. 

7.  Bile  residues :  mucus,  cholesterin,  trcices  of  bile  acids  and 
.  their  products  of  decomposition,  stercobilin  from  the  bile  pigment. 
;  The  average  quiutity  of  solid  faocal  matter  passed  bj  the 
I    human  adult  per  diem  is  6  to  8  ounces. 

[        Keoonium  is  the  name  given  to  the  greenish-black  contents 
■    of  the  intestine  of  new-born  children.     It  is  chiefly  concentrated 
bile^   with  d^brU  from  the  intestinal  wall.     The  pigment  is  a 
mixture  of  bilirubin  and  biliverdin,  not  stercobilin. 


CHAPTER  XXXV. 

THE  MKCHANICAL  PROCESSES  OF  DIGESTION. 

Undbb  this  head  we  shall  study  the  muscular  movements  of 
the  alimentary  canal,  which  have  for  their  object  the  onward 
movements  of  the  food,  and  its  thorough  admixture  with  the 
digestive  juices.  We  shall  therefore  have  to  consider  mastication, 
deglutition,  the  movements  of  the  stomach  and  intestines,  and 
the  acts  of  defsecation,  and  vomiting. 

Mastication. 

The  act  of  chewing,  or  mastication,  is  performed  by  the  biting 
and  grinding  movement  of  the  lower  range  of  teeth  against  the 
upper.  The  simultaneous  movements  of  the  tongue  and  cheeks 
assist  partly  by  crushing  the  softer  portions  of  the  food  against 
the  hard  palate  and  gums,  and  thits  supplement  the  action  of 
the  teeth,  and  partly  by  returning  the  moi-sels  of  food  to  the 
action  of  the  teeth,  again  and  again,  as  they  are  squeezed  out 
from  between  them,  until  they  have  been  sufficiently  chewed. 

The  act  of  mastication  is  much  assisted  by  the  saliva,  and  the 
intimate  incorporation  of  this  secretion  with  the  food  is  called 
imalivation. 

Mastication  is  much  more  thoroughly  performed  by  some 
animals  than  by  others.  Thus,  dogs  liardly  chew  their  food  at  all, 
but  the  (esophagus  is  protected  from  abrasion  by  a  thick  coating 
of  very  viscid  saliva  wliich  lubricates  tlie  i)ieces  of  rough  food. 
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In  vegetable  feodere,  on  the  other  hand,  Las&ljvatian  ia  a  maeb 
more  important  prooei^.  Thia  h  espednllj  ao  in  the  rumfnaiuU ; 
in  these  animals,  tho  grass,  Jec.  taken,  is  hurriedly  Bwalloiwd, 
and  passeti  into  the  first  compartment  of  their  four-chAmbeted 
stomach.  Later  oti^  it  is  returtied  to  the  mouth  in  small  inatil- 
ments  for  thorough  ma^stication  and  iiiiialivation  ;  it  is  then  od» 
more  swallowed  arid  passes  on  to  the  digestive  regions  of  ihit 
stomach.     This  ih  the  twt  of  rumiHalion.  or  **  chewing  the  cud,"* 

In  man,  maatication  is  also  an  impdrtant  proceaa,  and  in  peopii 
who  have  lost  their  teeth  severe  dyspepsia  is  often  produ^ 
which  can  be  cured  by  a  new  set  of  teeth. 

Deolutitiox, 

When  properly  masticated^  the  food  ia  transmitted  in  succeiBiTi 
portions  to  the  stomach  by  the  act  of  deglutition  or  a  wallowing; 
This,  for  the  purpose  of  description,  may  be  divided  into  tkm 
acts.     In  the  tirst»  particles  of   food   collected  as   a   bolus  m 
made  to  glide  betweeii  the  surface  of  the  tongue  and  the  paktiiie 
arch,  till  they  tiave  passed  the  anterior  arch  of  the  fauces ;  in  tli* 
second,  the  morsel  is  carried  through  the  pharyni  ;  and  in  the 
third,  it  rcaclics  the  stonmch   through   the  (Esophagns.     Then 
three   act«    follow   eaeh    other   rapidly,      (i.)   The   first  act  h 
voluntary,  although  it  is  usually  performed  unconsciously ;  tlie 
morsel  of  food  when  sufficiently  masticated,  is  pressed  betweei 
the  tongue  and  palate,  by  the  agency  of  the  muscles  of  the  former, 
in  such  a  manner  m  to  force   it  back  to  the  entrance  of  tb« 
pharynx.     (2.)   Tlie  second  act  ia  the  mo«t  complicated^  be«tw 
the  food  must  ;l'o  i)ast  the  posterior  orifice  of  the  nose  and  tl» 
upper  opening  of  Llie  larynx  without  entering  them.      When  it 
has  been  bmught,  by  the  finst  act,  between  the  anterior  arebeaof 
the  palate.*,  it  in  moved  onwards  by  the  movement  of  the  tongue 
backwards,  and  l>y  the  nmseles  of  the  anterior  arches  contracting 
on  it  and  tlien  bcliind  it.     The  root  of  the  tongue  being  retracted, 
and  the  larynx  being  raised  with  the  pharynx  and  carried  fcr 
wards  umler  tfie  ba^ie  of  the  tongue,  the  epiglottis  is  pressed  otci 
the  upper  opeuiEig  of  the  laryrii,  and  the  morsel  glides  paKt  it; 
the  closure  of  the  glottis  is  additionally  secured  by  the  simul- 
taneous contraction  of  its  own  muscles  :    so  that,  even  when  the 
epiglottis  is  destroyed,   there  is  little  danger  of  food   passing 
into  tho  larynx  so  long  as  its  muscles  can  act  freely.      In  man, 
and  some  other  animals,  the  epiglottis  is  not  drawn  as  a  lid 
over  the  larynx  during  swallowing.     At  the  same  time,  the  raising 
of  the  soft  palate,  so  that  its  posterior  edge  touches  the  back 
part  of  the   pharynx,   and   the  approximation  of    the  sides  of 
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ae  posterior  palatine  arch,  which  move  quickly  inwarils  like 
Hide  ctif tains,  clcxse  the  pa?>iiage  into  the  upper  part  of  the 
plmrynx  nnd  the  poaterior  naresj  aud  form  an  inclined  plane^ 
ttUitig  the  under  surface  of  whit^h  the  morsel  descend b  ;  then  the 
pharyux,  raised  up  to  receive  it,  m  its  turn  coutraeta,  and  forces 
[it  onwanls  into  the  iBsophugiis.  The  ]^ssage  of  the  bolus  of  food 
Itbrovigh  the  three  constrictors  of  the  pbarjus  m  the  la^t  step  in 
this  stage*  (j.)  In  the  third  act,  in  which  the  food  paase^i 
3uj^h  the  itaophttgus,  every  part  of  tfiat  tube,  as  it  reeeive«  the 
orsel  and  is  dilated  by  it,  is  stiinulated  to  eont^iut:  beueo  an 
^ndiilatory  or  peristal  tic  contraction  of  the  ii^aophagus  occurs, 
which  is  easily  observable  thrungh  the  skin  in  loiig^necktNcl  aninmla 
like  the  swan.  If  we  suppose  the  bolujs  to  be  at  one  particular 
place  in  tlie  tube,  it  acta  atimtilatingly  on  the  eireukr  muMcutar 
fibres  behind  it,  and  inhibitingly  on  those  in  front ;  the  contraction 
thi^refore  squeezes  it  into  the  dilated  portion  of  the  tube  in  front, 
where  the  same  procena  is  rej>eatet1,  and  this  travels  along  the 
whole  length  of  the  tube.  The  second  and  third  partfl  of  the  act 
of  deglutition  are  involuntary.  The  action  of  these  parts  is  more 
rapid  than  peristalsis  usually  is.     This  seems  to  be  due  to  the 

» large  amount  of  striated  muscular  tissue  present.  It  serves  the 
meftil  purpose  of  getting  the  bolus  as  quickly  as  possible  piist 
'the  opening  of  the  respiratory  tract. 
j,V«7n?(?Mi  Mec/iiimstti.~lLhe  nerves  engagetl  in  the  reflex  act  of 
deglutition  are : — stnmjy^  branches  of  the  tiftb  cranial  nerve  sup- 
plying the  soft  palate ;  glosso-pharyngeal,  supplying  the  tongue  and 
pharynx  ;  the  superior  laryngeal  branch  of  the  vagus,  supplying 
the  epiglottis  and  the  glottis;  while  the  motor  fibres  concenied 
aT© : — branches  of  the  fifth,  supplying  part  of  the  digaatrio  and 
mylo-hjoid  muscles,  and  the  muscles  of  mastication  ;  the  bnlbar 
part  of  the  spinal  acceasory  through  the  pharyngeal  plexus,  sup- 
plying the  levator  palati  ]  the  gloaso-pharyngeali  and  bulbar  f>art 
of  the  spinal  accessory,  supplying  the  muscles  of  the  pharynx  ■  the 
vagus,  supplying  the  muscles  of  the  larynx  through  the  inferior 
laryngeal  branch  ;  and  the  hypoglossal,  the  muscles  of  the  tongue. 
The  nerve-centre  by  wliich  the  muscles  are  harmonised  in  their 
action,  is  situated  in  the  med  ulla  oblongatii.  Stimulation  of  the 
[  Tagi  gives  rise  to  peristalsis  of  the  oesophagus.  The  cell  stations  of 
these  fibres  are  in  theganglion  trnnci  vagi.  Division  of  both  pneumo 
}  gastric  nerves  gives  rise  to  piralysis  of  the  ceaophagns  and  stomach, 
[and  firm  contraction  of  the  cardiac  orifice.  These  nerves  therefore 
►  normally  supply  the  oesophagus  with  motor,  and  the  cardiac  sphincter 
with  inhibitory  fibres.  If  food  is  swallowed  after  these  nerves  are 
k  divided^  it  accumulates  in  the  gullet  atid  never  reaches  the  stomach. 
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In  discussing  peristalsis  on  a  preyious  oocasion  (p.  158),  we  ^ 

arrived  at  the  conclusion   that    it   is  an  inherent  property  of  ^ 

muscle  rather  than  of  nerve ;  though  normally  it  Ib  controlled  ^^ 

and    influeiice^l    by  nervous   agency.     This   nervoua  oontrol  is  t^j 

especially  marked  in  the  oesophagus ;  for  if  that  tube  is  divided  M:^^ 
across,  leaving  the  nerve  branches  intact,  a  wave  of  contrmotion  Mrm^i 
will  travel  from  one  end  to  the  other  across  the  cut. 

Swallowing  of  Fluids. — We  must  next  note  that  the  swallow-  ^  -^m- 
ing  both  of  food  and  drink  is  a  muscular  act,  and  can,  therefore,  ^  * 
take  place  in  opposition  to  the  force  of  gravity.     Thus,  hor 
and  many  other  animals  habitually  drink  up-hill,  and  the  same 
feat  can  be  performed  by  jugglers. 

Under  ordinary  circumstances,  however,  the  swallowing  of  fiuide 
is  differently  produced  from  what  we  have  already  described        .E: 
the  division  of  the  act  of  deglutition  into  three  stages  is  tru^  .^ue 
for  the  swallowing  of   solids  only.     This   has  been  shown  hw^'^y 
Kronecker. 

In  swallowing  liquids  the  two  mylo-hyoid  muscles  form  ^  a 
diaphr&gm  which  pulls  the  root  of  the  tongue  upwards  and  bin  ill  ih  A- 
wards;  the  two  hyo-glossi  act  with  these,  pulling  the  tongu»  .^e 
backwards  and  downwards.  The  action  of  these  four  musLliw  ii 
resembles  that  of  a  force-pump  projecting  the  mass  of  fluid  dow^r-  n 
into  the  (esophagus;   it  reaches  the  cardiac  orifice  with  greft^^Mt 

speed,  and  the  pharyngeal  and  u'sopliageal  muscles  do  not  contract !t 

on  it  at  all,  but  arc  inhibited  during  the  passage  of  the  flui  ^^d 
through  them. 

This  its   proved   in   a  striking  way  in  cases  of  poisoning 
corrosive  substances  like  oil  of  vitriol;  the  mouth  and  tongue  1 
scarred  and  biinit,  but  the  pharynx  and  oesophagus  escape  i 
injury,  so  nipidly  dot^s  the  Huid  pass  along  them  ;   the 
orifice  of  the  stonmch  is  the  next  place  to  show  the  effects  of 
corrosive. 

There  is,  however,  no  Imnl-jind-fast  line  between  the  swallowl""^sig 
of  solids  and  fluids:  the  more  li(]uid  the  food  is,  the  more  dc  )ea 
the  force-pump  action  just  described  manifest  itself. 

MoVEMKNTS    OK    TIIK    StoMACH. 

The  gastric  fluid  is  iissistod  hi  accomplishing  its  share  iu 
digestion  by  the  movements  of  the  stomach.  In  granivor'^^^us 
birds,  for  example,  the  contraction  of  the  strong  muscular  gi**-^'''^ 
affords  a  nocosstiry  Jii«l  to  digestion,  by  grinding  and  tritun^^-***^ 
the  hard  seeds  which  constitute*  their  foo4l.  Hut  in  the  stoio^  ^^'^ 
of  man  and  other  Mammalia  the  movements  of  the  muscular  ^^^ 
are  too  feeble  to  exorcise  any  such  mechanical  force  on  the  f*^*^     ' 
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aaither  are  they  needed,  for  masticntian  has  aln^^jy  done  tlie. 

mcf^^liautcuil  work  of  &  gizzurd  ;  and  ex  penmen  is  have  demonstrated 
tlmt  siiibaUnceg  are  digested  even  enflosed  in  perfuratcd  tubes, 
mid  c^uBetjueiitly  protected  from  mechanical  influence* 

The  normal  actions  of  tlie  taiiscular  fibres  of  the  liuman 
atoiuaeb  itppeiir  to  have  a  threc-foUl  purpose  r  ( i )  to  iidaj>t  the 
stomach  w  the  quantity  of  fixxl  in  it,  so  that  Its  walls  ma.y  he  In 
contact  with  the  food  on  all  nidesf^  and,  at  the  same  titne,  may 
exercise  a  certain  amount  of  eompreaaion  upon  it;  (2)  to  keep 
the  orificea  of  the  stomach  closed  until  the  food  is  digested  ;  and 
(3)  to  perform  certJ^in  peristaltic  movcmeuts,  whereby  the  food^ 
as  it  bccomea  eh y  mi  tied  j  m  gradually  propelled  towards,  and 
ultimately  through,  I  he  pylorus.  In  aecompliahing  this  latter 
end,  the  movements  without  doubt  materially  contribute  towards 
effecting  a  thorough  intermingling  of  the  food  and  the  gastric  jtiice. 

When  digestion  is  not  going  on,  the  stomach  is  uniformly  con- 
tracted, its  orifieeB  not  more  firmly  than  the  rest  of  its  walls  ;  but^ 
if  esamined  shortly  after  the  introduction  of  food,  it  ia  found 
oloeely  encircling  its  contents,  and  ita  orifices  are  firmly  closed 
like  apbincter^.  The  cardiac  orifice,  every  time  food  is  swallowed, 
opens  to  admit  Jt3  passage  to  the  stomach,  and  immediately  again 
closes.  The  pyloric  orifice,  during  the  first  part  of  gastric  digea- 
tion,  is  usually  m  completely  cloaed^  that  even  when  the  atomach 
is  separated  from  the  intestines,  none  of  its  contents  escape. 
But  towards  the  termination  of  the  digestive  process,  the 
pylorus  offers  leas  resistance  to  the  passage  of  substances  from 
the  stomach;  first  it  yields  to  allow  the  successively  digested 
portions  to  go  through  it ;  and  then  it  allows  the  transit  even  of 
undigested  substances.  It  appears  that  food,  so  soon  as  it  enters 
the  stomach,  is  subjected  in  a  kind  of  peristaltic  action  of  the 
muscular  coat,  whereby  the  digested  jxirtions  are  gradually  moved 
towards  tlie  pylorus.  The  movements  are  observed  to  increase 
in  rapidity  as  the  procosa  of  chymificiition  advances,  and  are 
eon  tinned  until  it  is  completed. 

The  contraction  of  the  fibres  situated  towards  the  pyloric  end 
of  the  stomach  seems  t^o  be  more  energetic  and  more  decidedly 
peristaltic  than  those  of  the  cardiac  portion.  Thus,  it  was  foimd 
in  the  case  of  St,  Martin,  that  when  the  bulb  of  a  theraiometer 
was  placed  about  three  inches  from  the  pylorus,  through  the 
gastric  fistula,  it  was  tightly  embraced  from  time  to  time»  and 
drawn  towanls  the  pyloric  orifice  for  a  distance  of  three  or  four 
inches*  The  object  of  this  movement  appears  to  be,  as  just  said, 
to  ciirry  the  food  towards  the  pylorus  as  fiist  as  it  is  formed 
into  chyme,  and  to  propel  the  chyme  into  the  duodenum ;  the 
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.  undigested  portions  of  food  are  kept  baok  until  thej  are  «]» 
reduced  into  chyme,  or  until  all  that  is  digestible  has  passed  out 
The  action  of  these  fibres  is  often  seen  in  the  contracted  state  of 
the  pyloric  portion  of  the  stomach  after  death,  when  it  alone  is 
contracted  and  firm,  while  the  cardiac  portion  forms  a  dilated 
sac.     Sometimes,  by  a  predominant  action  of  strong  circular  fibres 


ReL 


Fig.  401.— Very  diairTainmatic  representation  of  the  nerres  of  the  alimentaiy  cmL 
Oe  to  Ret,  the  various  paxt«  of  the  alimentary  canal  firom  oeaophagiu  iuf  lectoa: 
L.  V.  loft  vmffUK.  ending  on  fr(Mit  of  dtomach ;  rl,  recnirent  larjitfeal  nerre,  aapptyiag 
upper  part  of  tTsjphagun;  R.  V.  right  Tagua,  joining  left  vagus  m  (BsophacealiMm, 
oe.  pi.,  suppljring  the  posterior  part  of  stomach,  and  oontinues  asR'V  to  join  theaoltr 
plexui«.  here  represented  by  a  smgle  ganglion,  and  connected  with  the  inKrior  meMD- 
terio  Kan^riion  m.gl. :  a,  branches  from  the  solar  i^exus  to  stomach  and  small  inteitina, 
and  fi\>m  the  mesientcric  ganglia  to  the  laxve  mtestine ;  Spl.maj.*  large  t1«»i*»w»j|> 
nerve,  arismg  fn>m  the  thtvacic  ganglia  and  rami  communicantes,  r.e.  bdangiiic  to 
dorsal  nerT«^  fn«m  the  Hh  to  the  oth  .or  loth  ;  ^^.min  .  smjJl  splandmic  nerre  OBii. 
larly  fmm  the  loth  and  nth  dorsal  nenres.  These  botii  join  toe  solar  plezni,  1^ 
then<>e  make  their  way  u*  the  alimentary  canal ;  c.r.,  nenres  from  the  c^^^^i  kt^ 
belongini;  ti>  i  ith  and  i  ^th  dorsal  and  ist  and  2nd  lumbar  nerres,  procecdiiy  to  the 
inferior  mesenteric  ganelia  -or  plexus •.  m4ri..  and  thence  by  the  hypofastne  Bene, 
'  .  -     .  -         .  . .  -    -.       .      .  les  of  the  re«- 


n.hyp..  and  the  byptxm'trio  plexus,  pl.hyp..  to  the  circular  musdes 

l.r..  nerves  fn.tm  the  jnd  and  3rd  Mcral  nerves.  S.  2,  8.  3  nenri  erigentes 

by  the  hypogastric  plexus  to  the  longitudinal  muscles  of  the  rectum.     .M.  Poster.) 

placed  l^etween  the  eaniia  and  pylorus,  the  two  portions,  or  ends 
as  they  are  oalleil.  of  the  stomach,  are  partially  separated  from 
each  other  by  a  kind  of  hour-glass  contraction.  By  means  of 
the  peristaltic  action  of  the  muscular  coats  of  the  stomach,  not 
awrelT  is  chymitied  food  gradually  propelled  through  the  pylorus, 
\t  a  kind  of  double  current  is  continually  kept  up  among  the 
la  of  the  stomach*  the  circumferential  parts  of  the  nmas 
moved  on^axd  toiraxd  the  i^Ylonia  by  the  ooo- 
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tjou  of  the  muficiilar  Bbres,  while  the  central  portioug  arc 
IH^Iled  in  the  opposite  di  recti  on^  uaxiiely  to  wards  the  cardiac 
pijfice  ;  in  this  way  ii  kept  up  a  constant  circulation  of  the  con- 
lititii  of  the  viiicua,  highly  comlucivc  to  their  thorough  admixture 
rith  the  gitatric  fluid  and  to  their  ready  digestion. 

Under  ordinary  cireuuistauces,  three   or  four  houj^  may  be 

idteii  as  the  average  time  occupied  by  the  digestion  of  a  meal  in 

he  stoiiiai^h.     Hut  the  digestibility  and  quantity  of  the  mealf  and 

'Me  state  of   body  and   mind  of  the   individual,  are   inQ|w>rtaJit 

eaimes  of  variation.     The  pylorufei  usually  ofwns  for  the  tirst  time 

ibout  twenty  minutes  after  digestiou  begins  ;  it,  however^  r|uickly 

Mpes  again.     The  intervals  between  its  openings  diminish,  and 

JUm  periods  during  which  it  remains  open  increase,  until  towards 

the  end  of  Ihe  time  it  is  permanently  open,  and  the  chyme  can 

freely  into  the  tliuKlenuni. 

Influence   of  the   Nervous   System. — The   normal    move- 

loeutA  of  the  stomach  during  gastric  digeHtion  do  nob  appear  to 

\^  m  doaely  conui^cted  with  the  plexuees  of  nerves  and  ganglia 

contained  in  its  walk  as  was  formerly  supposed.     The  action^ 

however,  appears  to  be  set  up  by  the  presence  of  food  within  it. 

The  stomach  is,   however,  directly  connected   with    the'  higher 

nerve-ceutrea   by  means   of  branuheH  of   the   vagi    and   of    the 

»pknchnic  nen  es  through  the  aolar  plexns. 

The  vagi  (especial ly  the  left)  contain  the  accelerator  nerves  of 
the  stomach  ;  when  they  are  stimulated  the  result  i&  peristaltic 
movement.  The  sympathetic  fihrcs  are  inhibitory  ;  when  they 
are  stimulated  peristalsis  ceases.  The  cell  stations  f^n  the  coiu-ae 
^  the  vagna  fibres  are  in  the  ganglion  truEici  vagi  ;  the  post- 
giimlionic  fibres  that  issue  from  this  ganglion  are  non-uie  do  Hated. 
The  sympathetic  fibres  leave  the  spinal  cord  by  the  anterior 
lOOtfi  of  the  spinal  nerves  from  the  fifth  to  the  eighth  thoracic. 
They  pass  into  the  sympathetic  system ^  have  cell  stations  in  the 
cffiliftc  ganglion,  and  ultimately  pass  to  the  stonmch  by  the 
ftpfaochuic  tiervea. 

1 1  seema  probable  that  automatic  peristaltic  contraction  is 
inherent  in  the  muscular  coat  of  the  stomach,  and  that  the 
central  nervous  system  is  only  employed  to  regidate  it  by  impulses 
pciniug  down  by  the  vagi  or  spl  an  clinic  nerves. 

The  tecretoty  nerves  of  the  gastric  glands  are  treated  on  p.  469, 

The  expulsion  of  tlie  contents  of  the  stomach  in  vomiting,  like 
that  of  mucus  or  other  matter  from  the  lungs  in  emujkmfj^  is 
preceded   by  an    hispiration ;   tiie   glottis   is   then   closed^    and 
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immediately  afterwards  the  abdominal  muaolas  atrongly  act ;  hot 
here  occurs  the  difference  in  the  two  actions.  Instead  of  tbe  tooJ 
cords  yielding  to  the  action  of  the  abdominal  moscleSy  the? 
remain  tightly  closed.  Thus  the  diaphragm  being  unable  to  go 
up,  forms  an  unyielding  surface  against  which  the  stomach  cm 
be  pressed.  At  the  same  time  the  cardiac  sphincter-muscle  bemg 
relaxed,  and  the  orifice  which  it  naturally  guards  being  dilated, 
while  the  pylorus  is  closed,  and  the  stomach  itself  also  con- 
tracting, the  action  of  the  abdominal  muscles  expels  the  contenti 
of  the  organ  through  the  cesophagus,  pharynx,  and  mouth.  The 
reversed  peristaltic  action  of  the  cesophagus  probably  increases 
the  effect. 

It  has  been  frequently  stated  that  the  stomach  itself  is  quite 
passive  during  vomiting,  and  that  the  expulsion  of  its  oontents  is 
effected  solely  by  the  pressure  exerted  upon  it  when  the  capadtj 
of  the  abdomen  is  diminished  by  the  contraction  of  the  diaphn^m, 
and  subsequently  of  the  abdominal  muscles.  The  experiments 
and  observations,  however,  which  are  supposed  to  confirm  this 
statement,  only  show  that  the  contraction  of  the  abdominal 
muscles  alone  is  sufficient  to  expel  matters  from  an  unresistiDg 
bag  thr^)ugh  the  (Bsophagus ;  and  that,  under  very  abnormal 
circumstances,  the  stomach,  by  itself,  cannot  expel  its  contents. 
They  by  no  means  show  that  in  ordinary  vomiting  the  stonuLch  is 
passive,  for  there  are  good  reasons  for  believing  the  contrary.  In 
some  cases  of  violent  vomiting  the  contents  of  the  duodenum  are 
passed  by  anti-peristalsis  into  the  stomach,  and  are  then  vomited. 
Where  there  is  obstruction  to  the  intestine,  as  in  strangulated 
hernia,  the  contents  of  all  the  small  intestine  may  be  vomited. 

NervoiiB  meohanism. — Some  few  persons  possess  the  power 
of  vomiting  at  will,  or  the  power  may  be  acquired  by  efibrt  and 
practice.     But  normally  the  action  is  a  reflex  one. 

The  afferent  ner\'cs  are  principally  the  fifth,  and  glossophaiyn- 
geal  (as  in  vomiting  produced ,  by  tickling  the  fauces),  and  the 
vagus  (as  in  vomiting  pRxluced  by  gastric  irritants)  ;  but  vomiting 
may  occur  from  stimulation  of  other  sensory  nerves,  e.g,  those 
from  the  kidney,  uterus,  testicle,  «fec.  The  centre  may  also  be 
stimulated  by  impressions  from  the  cerebrum  and  cerebellum, 
pnxluoiug  so-called  central  vomiting  occurring  in  diseases  of  those 
parts. 

The  rentrr:  for  vomiting;  is  in  the  medulla  oblongata,  and  coin- 
cides with  the  centres  of  the  nerves  concerned. 

The  tfftrtnf  (motor)  impulses  are  carried  by  the  vagi  to  the 
atomach,  by  tho  phrenios  to  the  diaphragm,  and  by  varioiis  other 
nerves  io  the  aUiominal  muscles. 
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Bm^ieUiu. — Some  emetioB  produce  vomiting  by  irritating  the 
■tomaoh ;  others,  like  tartar  emetic,  apomorphine,  drc,  by  stimu- 
ifttiiig  the  vomiUng  centre. 

Movements  of  the  Intestines. 

The  movement  of  the  intestines  is  peristaltic  or  vermicular^  and 
is  effected  by  the  alternate  contractions  and  dilatations  of  successive 
poTtioDS  of  the  muscular  coats.  The  contractions,  which  may 
commence  at  any  point  of  the  intestine,  extend  in  a  wave- 
like  manner  along  the  tube.  They  are  similar  to  what  we 
have  described  in  the  oesophagus.  In  any  given  j)ortion,  the 
loDgitudinal  muscular  fibres  contract  first,  or  more  than  the 
circular;  they  draw  a  portion  of  the  intestine  upwards,  over 
the  substance  to  be  propelled,  and  then  the  circular  fibres  of  the 
Baftie  portion  contracting  in  succession  from  above  downwards, 
press  the  substance  into  the  portion  next  below,  in  which  at  once 
the  same  succession  of  actions  next  ensues.  These  movements 
take  place  slowly,  and,  in  health,  commonly  give  rise  to  no  sensa- 
tioii ;  but  they  are  perceptible  when  they  are  accelerated  under 
the  influence  of  any  irritant. 

The  movements  of  the  intestines  are  sometimes  retrogade ;  and 
there  is  no  hindrance  to  the  backward  movement  of  the  contents 
of  the  small  intestine,  as  in  cases  of  violent  vomiting  just  referred 
ta  But  almost  complete  security  is  afforded  against  the  passage 
of  the  contents  of  the  large  into  the  small  intestine  by  the  ileo- 
cscal  valve.  Besides, — the  orifice  of  communication  between  the 
ileum  and  cfecum  (at  the  borders  of  which  orifice  are  the  folds 
of  mucous  membrane  which  form  the  valve)  is  encircled  with 
muscular  fibres,  the  contraction  of  which  prevents  the  undue 
dilatation  of  the  orifice. 

Proceeding  from  above  downwards,  the  muscular  fibres  of  the 
large  intestine  become,  on  the  whole,  stronger  in  direct  proportion 
to  the  greater  strength  required  for  the  onward  moving  of  the 
feces,  which  are  gradually,  owing  to  the  absorption  of  water, 
becoming  firmer.  The  greatest  strenjrth  is  in  the  rectum,  at  the 
termination  of  which  the  circular  un8tri|KHi  muscular  fibres  fonn 
a  strong  bond  called  the  internal  sphincter :  while  an  external 
sphincter  muscle  with  striped  fibres  is  placed  rather  lower  down, 
and  more  externally,  and  holds  the  orifice  eloise  by  a  constant 
slight  tonic  contraction. 

Nervous  mechanism. — ExjKjriniental  irritation  of  the  brain 
or  cord  produces  no  evident  or  constant  efl'ect  on  the  movements 
of  the  intestines  during  life  :  yet  in  consei:{uence  of  certain  mental 
eonditioiis  the  movements  are  accelerated  or  ret^irdefl :   anrl  in 
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))araplcgia  the  intestines  appear  after  a  time  much  weakened  in 
their  power,  and  costivencss,  with  a  tympanitic  condition,  eiuues. 

As  in  the  case  of  the  cesophagus  and  stomach,  the  peristalUc 
movements  of  the  intestines  may  be  directly  set  up  in  the 
musciUar  fibres  by  the  presence  of  food  or  chyme  acting  as  the 
stinnUus.  Few  or  no  movements  occur  when  the  intestines  are 
empty. 

The  intestines  are  connected  with  the  central  ner>'ou8  system 
by  the  vagi  and  by  the  splanchnic  nerves.  The  fibres  which 
leave  the  medulla  in  the  vagal  rootlets  are  fine  medullated  one*: 
they  are  connected  with  cells  in  the  ganglion  trunci,  and  then 
continue  as  non-medullated  fibres  to  the  intestinal  walls;  they 
jKiss  through  the  solar  plexus,  but  are  not  connected  with  nen*e- 
cells  in  that  plexus.  In  animals  stimulation  of  the  pneumo-gastric 
nerves  induces  peristaltic  movements  of  the  intestines.  If  Ae 
intestines  are  contracting  peristaltically  before  the  stimulus  is 
applied,  the  movements  are  inhibited  for  a  brief  period,  after 
which  thoy  are  greatly  augmented.  The  sympathetic  fibres  leave 
the  conl  as  fine  medullated  fibres  by  the  anterior  roots  from  the 
sixth  thonicie  to  the  first  lumbar,  pass  through  the  lateral  chain, 
but  do  not  reach  their  cell  stations  until  they  arrive  at  the  superior 
mesenteric  ganglia :  thence  they  pass  as  non-medullated  fibres  to 
the  muscular  coats.  Stimulation  of  these  fibres  causes  inhibition 
i»f  any  peristaltic  movements  that  may  be  present.  These  nerves 
also  contain  vaso-motor  fibres,  and  section  of  these  leads  to  va^o- 
dihitation  and  a  great  increase  of  very  watery  succus  entericus. 

Du  rat  tun  of  Jnttftinal  Di^jeMion. — The  time  occupied  by  the 
joiirnov  of  a  given  portion  of  food  from  the  stomach  to  the  auuR. 
varies  considerably  even  in  health,  and  on  this  account  probably 
it  i>  iliai  such  ditforent  oj>inions  have  been  expressed  in  regard 
to  the  subject.  AK^ut  twelvu  hours  are  occupied  by  the  jounjcy 
of  an  oRiinary  nioal  thnnigh  the  $maU  intestine,  and  twenty-foiir 
to  thirty-six  hLMirs  bv  tho  fwssit^o  through  the  larift  l)Owel. 

l)n//.<  given  i«.»r  nlivf  oi  diarrha'a  or  constipation  act  in  various 
w:\y*; ;  s»»me  intiutiui-  the  amount  of  secretion  and  thus  increase  or 
diiitini^h  the  fiuidity  of  th«^  inti'Stinal  contents  :  others  acting  on 
x\\v  mnscular  tissui-  '-r  its  ntnf>  increase  or  diminish  peristalsis. 

Defsecation. — The  u^t  of  tlio  expulsion  of  fieces  is  in  part  due 
to  an  incro:i.>cd  rclitx  ivn?:.iliic  action  •>!  the  lower  part  of  the 
largo  intent  iuf,  namely  ••:  :iio  sitnnoid  flexure  and  rectum,  and  in 
part  to  the  action  oi  the  ;%''»iominal  mu^^cles.  In  the  case  of  active 
Toluutar}'  etforts.  there  i>  usually,  tirst  an  inspiratiun.  as  in  the  case 
of  ^ujihiug,  sneo/ing.  ai.d  vv>n.::fng  :  the  i:lottis  is  then  clost^l.  and 
^Wo  diaphngiu  tixiHl.     The  al^oQiiual  muacles  are  contiacted  a» 
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;  espinuion  ;  but  as  the  glottis  h  cloned,  the  whole  of  iheir 
ire  is  exercised  on  the  abdominal  contents.  The  sphincter 
'  the  rectum  being  rekxed,  the  evacuation  of  iU  contenta  takes 
accordingly,  the  eftbct  being  increased  bv  the  peristaltic 
111  of  Ui©  intcstme. 
Ji'ert^u*  Mrrhftnism. — The  Html  spliincter  muscle  is  nonnstUj?' 
a  atate  of  tonic  contraction.  The  nervous  centre  which 
rem  a  this  contraction  ia  situated  in  t!ie  lumbar  region  of 
spinal  eord»  itiasuiuch  as  in  casies  of  division  of  the  cord  above 
lis  region  the  sphincter  regains,  after  a  time*  to  some  extent  the 
EmicitT  which  is  lost  immediately  after  tbe  operation.  By  an 
fort  of  tbe  will,  acting  on  the  centre,  tbe  contraction  may  be 
laieii  or  increased,  Sucb  voluntary  control  over  tiie  act  ie 
ovionsly  impoesible  when  the  cord  ia  divided.  In  onlinary 
the  apparatus  is  set  in  action  by  the  gradual  accumtila- 
of  ffecea  in  the  sigmoid  flexure  and  rectum,  pressing  by 
be  peristaltic  action  of  these  parts  of  the  large  intestine  against 
be  spliincter^  and  causing  by  reflex  action  its  relaxation;  this 
ensory  impulse  acts  upon  tbe  brain  and  reflexly  through 
lie  spinal  centre.  At  the  same  time  that  the  sphincter  is 
^hibited  or  relaxed,  impulses  pass  to  the  muscles  of  the  lower 
atentine  increasing  their  peristalsit,  and  to  the  abdauiinal  muscles 
,  well. 

Both  inhibitory  and  motor  fibres  for  the  lower  part  of  the 
hiteatine  le^ve  the  cord  by  ajitcrior  roots  lower  than  those  which 
contain  the  fibres  for  the  small  intestine.  The  cell-stations  are 
situated  in  the  inferior  mesenteric  ganglia,  or  along  the  course 
of  the  colonic  or  hy|K>gastric  nerves. 
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THE  UEINAEY  APPARATUS, 

Turn  consists  of  tbe  kidneys  ;  from  each  a  tube  called  the  tireter 
leads  to  the  bladder  in  which  the  Urine  is  temporarily  stored  j 
om  the  bladder  a  duct  called  the  urtthra  leads  to  the  exterior 
The  Kidneys  are  two  in  number^  and  are  situated  deeply  in 
-the  lumbar  region  of  the  aUlomen  on   either  side  of  the  spinal 
pUimn  behind  tlie  peritoneum.     They  correspond  in  poaition  to 
the   last  dorsal  and   three    upper   lumbar   vertebrae;   the    right 
is  aligbtly  below  the  left  in  consequence  of  the  position  of  the 
I       liver  on  the  right  side  of  the  abdomen.     They  are  about  4  inches 
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lon<r,   2\  uichea  broad,  and.  i  .^  inch  thick.     The  weight  uf  tradi 
kidnoj  is  about  4  J  oz. 

Strurture. — The  kidney  is  covered  by  a  fibrous  capwile,  which 
in  sliglitly  attHched  at  its  inner  surface  to  the  proper  substancv 
of  the  or^m  by  means  of  very  fine  bundles  of  areolar  tissue  and 
minute  bl(K>(l-vesscls.  From  the  healthy  kidney,  therefore,  it  may 
be  easily  torn  otV  without  much  injury  to  the  subjacent  cortical 
portion  of  the  or<ran.      At  the  hiiiu  of  the  kidney,  it  becomes 

continuous  with  the  external 
coat  of  the  upper. and  dilated 
part  of  the  ureter  (fig.  402). 
On  dividing  the  kidney  iuto 
two  equal  parts  by  a  section 
carried  through  its  lougcoiiv«x 


FiiT.  tx^j.-  rinn  of  ft  litntri'.iMiiuil  s^fvtinn 
thiMiurh  the  ^vlvi-*  aiul  *iib:«tani-e  of  tho 
liirht  Kiiln»>\  a  :  .1.  thi't'-Jitii-nNulnilaTiiv- ; 
*. .'.  ltrvv:ui  ^vt'it  of  ih«.- pyr.uiiiils  of  3ial- 
piifhi:  .-.  .-.  ?lj.-  .l;\-i'.h.n>  .»f  thv  p-hv 
n:iiiu>l  «'rtIyi.\->.  lui-l  .-jvn:  ■ .  i^no  I'f  thi»M' 
iin.'ivi:^'.! :  i.  "la:-.::!-.!  of  thv  pyramid* 
of  tvii"i''.i»-  pr..'\\Ti:  c  iiitu  lalvv^-*;  *.  *. 
>t%*i.-'.  ..I  ;;>' v.-it:  -vi-  ptr:  -f  ':\k,>  pynt- 
u.i»l>  n»,t:  *)\K  t-.i'.>i"-!»:  .  j^'I\-i!»  or  cn- 
l.v.v>.vl  i-nTi  n  .  f  th-.'  uitfU-r  vithin  rh-^ 
*:iiv.  \  :      .  :!.,    -.iAV:  .     ..    rhe   Mniu': 


Fig.  ioi.—A.  Fnrtioii  of  a  M€n:tii£ 
tulmle  from  th«  oo^tioal  «u'.- 
nukjxee  of  tbe  kidney,    k.  Tb>- 

e^i  ^tbeliAl  or  ^land-oelU.  <.  -.. 
times. 


bi^rdor  i:  >  m\'.;  :o  !»o  ovii!».^>edMf  tw-i  pr>rt ions  called  respectively 
crfiV-i:'  and  /.•'  'i./i.jt;  liit-  latter  is  txauposed  of  about  a  dozen 
C('uii\il  huudlt>  I'l  urinary  tubules,  each  bundle  forming  wliat  ig 
oalK\i  a  ii/>in  /.  Tiio  upjKT  p:irt  oi  the  ureM'  or  duct  of  the 
oi^an.  :^  diluToi  in:*^  ih-j  /ri*'U :  an*!  this,  again,  after  aeparatiiis 
into  tiio  or  ihr^e  iirLiioija!  divi>iou;s  is  tinally  suUlivided  into  still 
smaller  (Kinionss.  \ary:i.^  in  i:.i:i:l.cr  :*r.ni  a':-»ut  S  v>  i  2,  CiJIed 
ca/jnr«.  Vjkcli  '•:  :'jj*if  ::;:ie  .-*'.^v«.a  .>r  cup©  receives  the  poiutctl 
BtranftitT  or  /-ij't-  t  y.  a  I'VraiiJ  i.  The  number  «if  pyniniid<i 
diffeneut  auini.t'i»  :  m  ><. ::.:-  :itere  is  oniv  one. 


KIDNKY. 


SIS 


'*riio  kidney  li  n  crtra|>oimd  tubular  gkiid*  and  botli  its  eorticsal 
id  meduJlanr  portions  are  compotied  of  tiihes,  the  fitlmH  urmiferii 


K  404,  — A  UjM^iaiii  ul  Um.'  n+'LllUlTA  <jI  ILLtUItt  h(}U;il  Ull**!^      A,  inttt^I  Uu>llvq  «FXterDttllf  b/ 

[thw  ottpuvlo;  d,  ^ubcapATilaj-  kyor  n<>t  1  iininjninif  MaJpijgrhiftti  corpUMleH^  u',  JoDer 
P  Attmtum  uf  Dortex,  »liio  without  MidpiKhiaD  capeulen  ;  B.  l>0UD(lii,i7  Uyer  -,  C.  meduUuT 
ptitt  neit  Ibti  bound&ry  layw ;  t ,  BowTtwn'a  capBule  of  MalpiffhiKU  c^oipuNcle ;  i*  neck 
of  feftm^;  ^,  flnt  ocai^lut«i  tubule;,  4,  apliml  tnbuto ;  5,  (l«t#ci?ndiiif  limb  uf 
Bfliak  1  1^0p ;  <&T  tbe  loop  pmper ;  7,  thick  put  of  tbe  ucetidiag  Limb ;  S,  HciirwJ  put 
(ff  MMXTidixi^  Umb  ;  q*  narrow  oftq^'iiilin^  KMb'  Id  the  nuedulluj  ny ;  10,  tD«  ti^xmig 
tubolr  t  I],  tbe  ^oosA  coQVoLutM  tubulin:  izk  thc^  jundiaiiill  fcabnle ;  tu  the  coUifCtirig 
tubule  nf  lb*?  mcdnUur  ray  ;  m«  tli«  wlk^^ting  tube  of  thfl  bfmodijy  lAy«r ;  15,  due* 
of  Bellini*    fKlein.) 


■    of  Bellini 
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whiclij  b}  one  extremitj,  hi  tlie  t^orlical  portiaii»  t:ommeiice  mnmd 
tuftft  of  capillary  blcwd-vcia^elSy  ualleci  Mttlpttjfiian  bodie*^  Mid*  W 
the  other,  open  through  the  papillai  into  the  pelvb  of  the  kldBey, 
aiK?  thus  liiacharge  the  urine  which  flows  throngb  them,  Tlnsv 
are  Ixumil  together  by  tK)niiectiye-ti^ue* 

In  tlie  pyraniidi  the  tubes  are  straight — ^unitiDg  to  form  krger 
tubeB  as  they  descend  through 
these  from  the  cortical  portion ; 
while  in  the  latter  region  they 
spread  out  more  irregiilarly, 
and  become  much  convoliitetL 


kfUf  M»lpiiffliiui  c4^ule  &nd  tuft 
(hqlaui).  V.  300.  Frrnn  a  foetus  &t 
about  t^(^  fotirtli  tntinth  ;  n^  tiattened 
tseUi  (srtowiise  to  ftnm  th?  capwule  ; 
h^  mort*  rcmnupd  vvWm  ;  cvutlnuoiu  *ith 
th«  AJ^re,  nJiectied  ronnd  £,  autl  AhaLI^ 
eiiTeloDinv  it:  c,  tiuuw  of  (jmbncniic 
DCII4  vn^th  wilt  Lfttor  become  developed 
lata  Wood-^nwela.    {W.  Fje.  3 


F%.  ifl6.*K|ilt]iella]  elementa  tif  n  IQipl. 
Ifmia  e»|wuI<^  mild  tuft,  vlth  the  co^ 
tDonwDU-iit  nf  K  uriniLry  tubule  i^muf 
tiie  flJAs^ut  And  *flemit  ^n«ef  ■  •»  km 
of  fi«t  «pitlieliuiQ  farmkiir  tht  cucHt  i 
hi  umilHrt  but  Tulber  lnj^Bf  qpRfadiil 
ttlK  pko^  in  Uie  w«U*  of  tlifr  tiil»; 
«,  ciuli,  gjTgkigtiigTiewelPCtf  tlw  cnia^ 
Ury  tuft;  ^  oanmeBQaiiint  tif  tw 
tubule,  mnewli&t  mzrvwer  ^ib  1M 


But  in  the  li<mndary  zone  between  cort^;t  and  medulla^  scnul! 
ooHeetions  of  straight  tubes  called  mtdnikirtf  jyi^js  project  inU) 
the  cortical  regiot),  ' 

Tuhuli  Urini/erL — The  tubuli  uriniferi  (fig,  407)  are  compofecti 
of  a  basement  membrane,  hned  internally  by  epithcHum,  The? 
raiy  considerably  iu  sisee  in  difFereut  parts  of  their  course,  but  are. 
on  aii  avertige,  about  -g-J-tj  of  an  inch  (a^mm.)  iu  dtametcr,Tind  are 
found  to  be  made  up  of  several  distinct  portions  which  diUcr 
from  one  another  yerj^  markedly,  both  hi  situation  and  structure. 

Each  begins  in  the  cortex  m  a  dilatation  called  the  Capmtk 
0/  Bmvman  ;  this  encloses  a  tuft  or  glomerulus  of  oapillariea  called 
a  Matjntjhian  c&rpuieie.  The  tubule  leaves  the  capsule  by  a  nttk^ 
and  then  becomes  convoluted  {first  eonvdnted  ttihvie)^  but  soou 
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':^^^;^^^'stft(BB«='5?5s«!®rf 


.  4f>7. — From  H,  Torilat  section  thmuirh  tht^  kidtuey  of  Ji  dog — Qie  capmle  of  whkti  ii 
■apposed  to  be  on  the  rigbt.  a,  the  t:^ipillu.rii?«  cjf  the  M;iipij^hifta  oorpuflcla,  whieh  »jfe 
stTBUged  in  tobale« ;  n,  n«ck  of  ufltiralfl ;  t,  oonT^utc^  tubva  cut  La  rArtoua  dipectinni  ; 
K  a%MMg'  tubulfl  ;  d,  r,  *nd  /;  ani  ^trught  tub«  In  &  mfjiMfUirj  ra^  ;  d,  coUectibg  tubo  ; 
«4  puml  tube ;  /,  zurmw  Aeetion  of  mAcsendin^  Umtt.   x  ^#d.   ( IClala  «Ltid  Xoble  3mJtbJ 


.^^..v 


y^ 


;    ^ 


Elg.  4«i8.— Tranavefftf!  !«!ci!oii  of  a  i^nAl  |  Nil -it  I*  :  rt>  Ull«  tabw  or  duct*  nf  BelUiU ; 
b,  r,  Aud  d,  iniiiner  tabct  i4  Hficile ;  *,  f,  motf4  uApllkilM,  itHtin^Uht'^i  bf  their  finlt^T 
epithellmn.    (CstUaL) 
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after  becomes  nearly  straight  or  slightly  spiral  {spiral  UdntU)\ 
then  rapidly  narrowing  it  passes  down  into  the  medulla  as  the 

descending  tulnde  ofHenU; 
this  turns  round,  forming 
a  loop  (loop  of  HenU)y  and 
passes  ap  to  the  cort€x 
again  as  the  cucendintj 
tvbule  of  Henle,  It  then 
becomes  larger  and  irregu- 
larly zigz&g  {zigzag  tubulf) 
and  again  convoluUK) 
{second  convoluted  tubule). 
Eventually  it  narrows  into 
a  junctional  ttUndcj  which 
joins  a  straight  or  collect- 
ing t/ubtde.  This  passes 
straight  through  the  me- 
dulla, where  it  joins  with 
others  to  form  one  of  the 
ducts  of  Bellini  that  open 
at  the  apex  of  the  pyramid 
These  parts  are  all  shown 
in  fig.  404. 

The  character  of  the 
epithelium  that  lines  these 
several  parts  of  the  tubules 
is  as  follows : — 

In  the  capsule^  the  epi- 
thelium is  flattened  and 
reflected  over  the  glomer- 
ulus. 

The  way  in  which  this 
takes  place  in  process  of 
development  is  shown  in 
figs.  405  and  406. 

In  the  neck  the  epithe- 
lium is  still  flattened,  but. 
in  some  animals,  like  frogs, 
where  the  neck  is  longer, 
the  epithelium  is  ciliated. 

In  the  first  coninduied 

and  spiral  tubules,  it  is 

thick  and  the  cells  show  a  fibrillated  structure,  except  around 

uhe  nucleus,  where  the  pvotoi^Vvu&uv  v&  ^T«KiHlar.    The  cells  interlock 


Fig.  4<x).— Vaacular  supply  of  kidney,  a,  part  of 
arterial  arch  ;  A,  interlubolar  artery ;  e,  glomeru- 
lun  ;  d,  efferent  yessel  paMing  to  tiie  ntedoUa  as 
faUo  arteria  recta :  <•,  capillarieii  of  oortez ;  A 
capillaries  of  medulla ;  g,  venous  arch }  A,  stxtugnt 
veinn  of  medulla ;  1,  interlobular  rem :  j,  yena 
Htellula.     (f'adiat.) 
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teetallT  And    Are   difficult    to    isolate.      In    some    animald  they 
Mm  deMribed  &s  cilidted.     In   the  narrow  (fescfn4lin0  ttibuU  of 


.  ittk.— ^DiiMTtun  tbowlii^  lb«<  r^Ulioii  t»f  the  M&lpifi^ittit  h^wh  Id  llii.*  urUiifemuii  OtielH 
■nd  blood-Tcndf.    a,  omeof  thf:^  iiiU;rh>b?iIjLr  a^rt<<i'U!M  *  a'^  nlliiU'int  iirt^i}'  piupiitiff  intci 

QOQtitiwniii  with  J,  Liit^  unnifi^riiiii^  t^j^K";  ^\  '  .,  cJfL'fT'tit  ^'  f^uliMili'vidi'  iiud 

furm  ■  pichjiiijt,  »,  (nuTiiuntUntf  Die  t\ibt?»  Had  &iml]f  tema     i-    i-  :1j-  bmnrh  uf  thu 
r«iinl  wtmt,    (Alter  Bo wmiui.) 


■'  .:iJi' 


Fl?,  4ti.— HAlpJi^lilui  «tjrptjiM!'le,  injei^U'd  (hruiii^h  th«>  rimaJ  Hit^i^'  with  f!t4pni«^  fektln  , 

/ffw/e  and  in  M**  /rx>?)  itself,  the  cells  are  clear  and  flattened  and 
l^sre  a  conaidei-ttble  Inmen  j    in  the  aietriding  limb    they  again 
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become  striated  aud  nearly  fill  the  tubule.  In  the  zigiag  aud 
second  convoluted  tubules  the  fibrillations  become  CTen  ooore 
marked.  The  junctional  tubule  has  a  large  luaien,  and  is  lined 
by  clear  flattened  cells ;  the  collecting  tubules  and  duets  of  Belliwi 
are  lined  by  clear  cubical  or  columnar  cells. 

Blood-vessels  of  Kidney. — The  renal  artery  enters  the 
kidney  at  the  hilus,  and  divides  into  branches  that  pass  towards 
the  cortex,  then  turn  over  and  form  incomplete  arches  in  the 
region  between  cortex  and  medulla.  F|:om  these  arches  vessels 
pass  to  the  surface  which  are  called  the  interlobular  arteria; 
they  give  off  vessels  at  right  angles,  which  are  the  afferent 
vessels  of  the  glonienUi ;  a  glomerulus  is  made  up  of  capillaries  as 
previously  stated.  From  each,  a  smaller  vessel  {the  efferent  vesfd  oj 
the  glomerulus)  passes  out,  and  like  a  portal  vessel  on  a  small  scale, 
breaks  up  once  more  into  capillaries  which  ramify  between  the 
convoluted  tubules.  These  unite  to  form  veins  {interlobular  veint) 
which  accompany  the  interlobular  arteries ;  they  pass  to  venous 
arches,  parallel  to,  but  more  complete  than  the  corresponding 
arterial  arches  ;  they  ultimately  unite  to  form  the  renal  vein  that 
leaves  the  hilus.  These  veins  receive  also  others  which  have  a 
stellate  arrangement  near  the  capsule  {venae  stelluke). 

The  medulla  is  supplied  by  pencils  of  fine  straight  arterioles 
which  arise  from  the  arterial  arches.  They  are  called  arteriot 
rectcs.  The  efferent  vessels  of  the  glomeruli  nearest  the  medulla 
may  also  break  up  into  similar  vessels  which  are  called  faUt 
arterice  rectcc.  The  veins  {venas  rectce)  take  a  similar  courte  and 
empty  themselves  into  the  venous  arches.  In  the  boundary  zone 
groups  of  imsa  recta  alternate  with  groups  of  tubides,  and  give 
a  striated  appearance  to  this  portion  of  the  medulla. 

The  Ureters. — The  duct  of  each  kidney,  or  ureter,  is  a  tube 
alx)ut  the  size  of  a  goose-quill,  and  from  twelve  to  sixteen  fnchcii 
in  length,  which,  continuous  above  with  the  pelvis,  ends  below 
by  perforating  obliquely  the  walls  of  the  bladder,  and  opening 
on  its  internal  surface.     . 

It  is  constructed  of  three  coats:  (a)  an  outer  fibrous  coat; 
{b)  a  middle  muscidar  coat,  of  which  the  fibres  are  unstriped,  and 
arranged  in  three  layers — the  fibres  of  the  central  layer  being 
circular,  and  those  of  the  other  two  longitudinal  in  direction; 
the  outermost  longitudinal  layer  is,  however,  present  only  in  the 
lower  part  of  the  ureter ;  and  (c)  a  mucous  membrane  continuous 
with  that  of  the  pelvis  above,  and  of  the  urinary  bladder  below. 
It  is  composed  of  areolar  tissue  lined  by  transitional  epithelium. 

The  Urinary  Bladder,  which  forms  a  receptacle  for  the 
temporary  lodgment  of  tlie  urine  in  the  intervals  of  its  expulsion 
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from  tbe  bodj,  id  pyrifomi,  its  widest  parti  which  is  situate  above 
mad  behm<J,  ts  termed  the  fufulut ;  and  the  narrow  coustricted 
portioQ  in  front  and  below,  by  which  it  becomos  contiuuouB  with 
the  urethra^  ia  called  its  cervix  or  Jiec^. 

It  13  eouBtructed  of  four  coat8j — -gt^rous^  mii$eidar^  areolar 
or  fuhmw^QUSj  and  mucous,  {a.)  The  ^eroits  iioat,  which  covera 
only  the  posterior  and  upper  part  of  the  bladder,  has  the 
same  structure  as  the  peritoneum,  with  which  it  ia  continuous. 
{6,)  The  fibres  of  the  mtiscuiar  coat,  which  ure  un striped,  are 
arranged  in  three  layers,  of  which  the  eitemal  ami  iutt^rual  have 


pt,— 6ecti4iii  of  m  stniUl  portion  of  tlie  prostate,    it.  gland  Aiust  cut  ao«B  obUqnely ; 

a  general  longitudinal,  and  the  middle  layer  »  uireukr  direction. 
The  latter  are  especially  developed  around  the  tYrvijr  of  tlie  organ 
.'md  form  the  tphincter  vmcm  (c.)  The  areohr  or  sufjmucoin  coat 
m  constructed  of  connect! ve-tismne  with  a  large  portion  of  elaastic 
fibres,  (d.)  The  miicou^  membrane  is  like  that  of  the  meters. 
It  is  provided  with  inncoau  glands,  which  are  most  numerous 
uear  the  neck  of  the  bladder. 

The  bladder  is  well  provided  with  blootl-  and  lympk-mmsU^  and 
with  na-ves^  The  latter  are  both  niedullated  and  nou-mcdidlated 
fibre%  and  consist  of  branches  from  the  sacral  plexus  and  hypo- 
gastric plexus.  Ganglion  cells  are  found,  here  and  thert?,  in  the 
course  of  the  nerve- fibres. 

The  tTrethra. — This  occupies  the  centre  of  the  corpus 
spongiosum  in  the  male.  As  it  passes  through  the  prostate  it 
m  lined  by  tnmsitionalj  but  elsewhere  by  columnar  epithelium, 
except  near  the  oriQee,  where  it  is  stratified  Hke  the  epidermis 


522  THE    URI:NABY    APPARATUS.  [OH^XXXTL 

with  which  it  becomes  continuous.  The  female  urethim  hn 
stratified  epithelium  throughout.  The  epithelium  rests  on  a 
yascular  corium,  and  this  is  covered  by  submucous  tissue  ecxi- 
taiuing  an  inner  longitudinal  and  an  outer  circular  muscukr 
layer.  Outside  this  a  plexus  of  veins  passes  insensibly  into  the 
surrounding  erectile  tissue. 

Into  the  urethra  open  a  number  of  oblique  recesses  or  lacuna, 
a  number  of  small  mucous  glands  (glands  of  Littr6),  two  com- 
pound racemose  glands  (Cowper's  glands),  the  glands  of  the 
prostate,  and  the  vas  deferens.  The  prostate,  which  surrounds  the 
commencement  of  the  male  lu-ethra,  is  a  muscular  and  glandular 
mass.     Its  glands  are  tubular  and  lined  by  columnar  epithelium. 

The  Functions  of  the  Kidneys. 

The  main  function  of  the  kidneys  is  to  separate  the  urine  from 
the  blood.  The  true  secreting  part  of  the  kidney  is  the  glandubir 
epithelium  that  lines  the  convoluted  portions  of  the  tubules; 
there  is  in  addition  to  this  what  is  usually  termed  the  filtering 
apparatus  :  we  have  already  .seen  that  the  tufts  of  capillary  blood- 
vessels called  the  Malpighian  glomeruli  are  supplied  with  afferent 
vessels  from  the  renal  artery ;-  the .  efferent  vessels  that  leave 
these  have  a  smaller  calibre,  and  thus  there  is' high  pressure  in 
the  Malpighian  capillaries.  Cortaih  constituents  of  the  blood, 
especially  water  and  salts,  pass  through  the  thin  walls  of  these 
vessels  into  the  sxirrounding  Bowman's  capsule  which  forms  the 
comn^encemeut  of  each  renal  tubule.  Though  the  process  which 
occurs  here  is  generally  spoken  of  as  a  filtration,  yet  it  is  no 
purely  mechanical  process,  but  the  cells  exercise  a  selective 
influence,  and  prevent  the  albuminous  constituents  of  the  blood 
from  escaping.  During  the  passage  of  the  water  which  leaves  the 
blood  at  the  glomerulus  through  the  rest  of  the  renal  tubule,  it 
gains  the  constituents  urea,  lu-ates,  &c.,  which  are  poured  into  it 
by  the  secreting  cells  of  the  convoluted  tubules. 

The  term  excretion  is  better  than  secretion  as  applied  to  the 
kidney,  for  the  constituents  of  the  urine  are  not  actually  formed 
in  the  kidney  itself  (fis,  for  instance,  the  bile  is  formed  in  the 
liver),  but  they  are  formed  elsewhere ;  the  kidney  is  simply  the 
place  where  they  are  picked  out  from  the  blood  and  eliminated 
from  the  body. 

The  Nerves  of  the  Kidney.     . 

Xerves. — The  nerves  of  the  kidney  are  derived  from  the  renal 
plexus  of  each  side.  This  consists  of  both  medullated  and  non- 
medullated  nerve- fibres,  the  former  of  varying  size,  and  of  nerre- 
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eeUii,  Fibres  from  tha  an  ten  or  roots  of  the  ekveutb,  twelfth,  ^ud 
thMTtemith  dorttfiJ  nerv©«  (in  the  dog)  paas  into  this  pleitus.  They 
•re  both  vHso-constrictor  and  vaso-diJatator  in  fiiiictiou.  The 
fier%'e--cell3  on  the  counse  of  the  constrictor  Hbrtfs  nre  situated  in 
the  cx]^liaCf  mesenteric,  and  reual  ganglia ;  the  cells  ou  the  course 
of  the  diktator  fibres  are  placed  in  the  solar  plexus  and  renal 
jlia. 
These  nerves  are  tlnm  vam>mot<ir  in  funetion  ;  we  have  at 
it  no  knowledge  of  true  secretory  nerves  to  the  kidney  ;  the 
ant-  of  urine  varies  directly  with  the  blocwi- pressure  in  its 
lUaritt. 

InaffiftiLi  in  the  qimutity  of  tirine  19  causes  I  by  a  rise  of  lutra- 
ipilkry  pressure.      This  may  be  prodviC4-4   hy  increasing  the 
^neral  blood- pressure  ;  and  tljis  in  turn  may  be  produced  in  the 
following  w^ays : — 

(i*)  By  increase  in  the  force  or  frequency  of  the  heart  beat. 
{2.)  By  constriction  of  the  Jirterioles  of  areas  other  than  that 
of  the  kidney,  tm  m  oold  weather,  when  the  cutaneous  capitlaries 
re  1X1  ns  trie  ted  *♦ 
(3*)  By  increase  in  the  total  contents  of  the  vascular,  system^ 
>  after  drinking  large  quantities  of  fluid. 

The    blood'pressure    in    the    renal    capillaries*    may    also    be 
locally   by  anything  which   leads  to  relaxation  of  the 
arterioles, 
L>6orease  in  the  quantity  of  urine  is  produced  by  the  opposites 
each  cate. 

If  the  renal  nerves  are  dividedi  the  renal  arterioles  are  relaxed, 
wid  pressure  in  the  renal  capillaries  is  raised,  so  there  is  an 
iMcreased  flow  of  urine.  This  is  accompanied  by  an  increase  in 
ihe  volume  of  the  kidney,  m  can  be  seen  by  the  oucximettzr. 

Stiuiulation  of  the  divided  nerves  pit>duces  a  diminution  in 
the  amount  of  urine,  and  a  shrinkage  of  the  kidney  due  to  a 
oonstrictton  of  its  blood-vessels.  + 

If  the  splanchnic  nerves  are  experimented  with  instead  of  the 
renal,  the  effects  are  not  ao  marked,  at*  these  ner\'ea  have  n  wide 
distribution,  and  section  letida  to  vascular  dilatation  in  the  whole 
^platichnic  area ;   hence   the  increaae  in  pressure   in   the  renal 

Cpillaries  is  not  so  noticeable, 
Pnneture  of  the  fliKir  of  the  fourth  ventricle  in  the  neigh hour- 
>od  of  the   vaao-mutor  centre  (close  to  the  spot,  puncture  of 


*  The  riJi'iprocal  iictiun  between  skin  and  kitiBeyif  will  be  discu^eii  mora 
luUy  in  the  chjipler  on  the  akin. 

"    t  The  Dervet  Also  contain  vaso-dilatator  fibres^  whicb  are  exctteii  when  a 
Dw  rate  of  itimalation  is  osed  (see  p.  30^. 
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cassation  of  gecretion  of  urine,  because  of  the  grmt  full  of  gmml 
biood'preasiire  which  occurs.  If  the  animal  b  kept  alivs, 
however,  blood 'preasure  goes  up  afttar  a  time,  owing  to  the  action 
of  fltibsidiarj  vaso-motov  centres  in  the  cord-  ^Vheu  thit  h« 
occurred  stimidatiou  of  the  peripheral  ead  of  the  cyt  spind  cofd 
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f^.  414.— CuTTe   taJtes    bf  mml  oaocytaetisx  oomp«F«Hi   with  that  of  orduiArf  blng^ 
— — ^^      _  «»■, j^  _^  ^j^^^^ ,    ft,  blood-piTeamjre  outt«.     (Eof.) 


again  causes  urinary  secretion  to  stop*  because  the  renal  arteiy 
(like  the  other  arteries  of  the  hody)  is  so  constricted  that  the 
pressure  in  the  renal  capillaries  becomes  too  low  for  secretion  to 
occur. 

We  thus  see  that  the  amount  of  urine  varies  with  blood- 
pressure*  But  such  a  statement  does  not  give  the  whole  tnith 
Increase  of  bloo*l-presauru  and  an  increased  amount  of  blood 
^flawing    thixjugh    the    kidney    go    together    when    the    blood  i^ 
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tnijsr  iiOTm*iHyt  and  it  is  reiUly  the  increase  in  the  umountof 
irhich  caUBBK  tlie  rise  in  tl»e  animmt  of  unue  secreted.  If 
^tie  olood- pressure  is  increased  without  allowing  the  bhxKl  to  flow 
the  aniount  of  urine  formed  18  not  raised.  This  can  be  done  by 
ItgHtnring  the  renul  vein  ]  the  blood -pressure  within  the  kidney 
theti  rises  enormously,  but  the  flow  of  nrine  stopn. 

Another  effect  of  ligaturini^  the  blood- veH»e)»  of  the  kidney 
nufit  be  here  mentioned.  If  the  vessels  are  tenipjranly  ligatnred, 
|pd  then  the  iigature  be  releAsed,  the  urine  which  is  then  formed 
w  for  a  time  albuminous.  This  is  beeanae  the  temporary  antemia 
of  the  kidney  produced  by  the  hgature  haa  lessen e<l  the  vitality 
of  the  renal  epittiehum  in  such  a  way  that  it  is  no  longer  able  to 
prevent  the  egeape  of  tOhtnnin  from  the  blood » 

The  Oncometer  is  an  intitnnnent  constructed  on  plethyamo- 

rtphii^  principles,  by  means  of  which  the  volrnne  of  the  kidney 
registered.  The  general  characters  of  tliis  inMtrument  are  de- 
scribed in  t.hediagnui»s  on  pp.  305,  304.  The  special  form  adapted 
for  the  kidney  iy  sliown  in  tig,  413.  An  air  oncometer  connected 
with  Maivy*s  tambour  gives  ec[ually  good  or  even  better  results. 

It  is  found  that  the  effect  on  the  volnme  of  the  organ  of 
dividing  or  stimulating  nerves  corresponds  to  blix>d -pressure*  A 
rise  of  blood -pressure  in  the  renal  artery  is  produced  by  con- 
ttdction  of  the  renal  arterioles :  this  is  accxmipanied  by  a  fall  of 
pressure  in  the  renal  capillaries,  and  a  slirinkage  of  the  kidney, 
Increai^e  in  the  volume  of  the  kidney  is  prc«inced  by  the  opposite 
circumstances. 

The  accompanying  tnicing  (fig,  414)  shows  that  in  a  kidney 
curve  one  gets  a  rise  of  volume  due  to  each  heart  beat^  and  larger 
waves  which  acoompjiuy  res p i ra t io u .  I u  many  cases  I arger  s w eepi n g 
waves  (TraubC'Hering  cnn'es)  are  often  shown  as  welL  If  a 
kidney  curve  is  compare*!  with  a  tracing  of  arterial  pressure,  it 
will  be  seen  that  the  rise  of  arterial  pressure  coincides  with  a  fall 
of  the  oncograph  lever  due  to  constriction  of  tlie  renal  vessels. 

Biuretics  are  drugs  which  pnjduce  an  incretised  flow  of  nrine  ; 
they  iU't  111  various  ways,  some  by  increasing  the  general  blood - 
pressure,  otben*  by  acting  loeally  upon  the  kidney  {increasing  its 
volume  as  measured  by  the  oncometer) ;  under  this  latter  head 
are  douhtless  to  be  inchided  some  also  which  act  on  the  renal 
epithelium  rather  than  on  the  blood-vessels.   * 

»  Activity  of  the  Benal  Epithelium* 

The  epithelium  of  the  convoluted  tubules  has  a  structure 
which  Buggeits  from  its  resemblance  to  other  forms  of  secreting 
epitheliums  J  that  its  function  here  also  is  secreting.      This  is 
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confirmed  by  the  manner  in  which  the  blood-vessels  break  up  into 
capillaries  around  these  tubules ;  and  is  further  confinned  bj 
experiments. 

Heidenhain  has  shown  that  if  a  substance  (sodium  wa\^ 
mdigotate),  which  ordinarily  produces  blue  urine,  is  injected 
into  the  blood  (after  section  of  the  medulla  oblongata,  whick 
causes  lowering  of  the  blood-pressure  in  the  renal  glomeruli), 
when  the  kidney  is  examined,  the  cells  of  the  convoluted  tubuki 
(and  of  these  alone)  are  stained  with  the  substance,  which  it  also 
found  in  the  lumen  of  the  tubules.  This  shows  that  the  pigmeBt 
at  any  rate  is  eliminated  by  the  cells  of  the  convoluted  tubulfli^ 
and  that  when  by  diminishing  the  blood-pressure,  the  filtratiot 
of  urine  is  stopped,  the  pigment  remains  in  the  convoluted  tubo^ 
and  is  not,  as  would  be  under  ordinary  circumstances,  swept 
away  from  them  by  the  flushing  of  them  by  the  watery  put 
of  urine  derived  from  the  glomeruli.  It  therefore  is  probable 
that  the  cells,  if  they  excrete  the  pigment,  excrete  urea  and  other 
substances  also. 

But  the  proof  is  not  abfitolute,  for  the  pigment  is  a  foreign 
substance.  Urea  is  a  very  difficult  substance  to  trace  in  chii 
way  because  it  does  not  leave  any  coloured  trail  behind  it  In 
birds  the  place  of  urea  is  taken  by  uric  acid,  and  the  urates  can 
be  actually  traced,  because  they  are  deposited  as  crystals,  sod 
can  be  seen  in  the  cells  and  convoluted  tubes  much  in  the  same 
way  as  Heidenhain's  blue  pigment. 

Another  series  of  experiments,  however,  has  proved  the  point 
for  the  case  of  urea. 

By  using  the  kidney  of  the  frog  or  newt^  which  has  two  distinct 
vascular  supplies,  one  from  the  renal  artery  to  the  glomeruli,  and 
the  other  from  the  renal-portal  vein  to  the  convoluted  tubee, 
Nussbaum  has  shown  that  certain  foreign  substances,  e.g.  peptonei 
and  sugar,  when  injected  into  the  blood,  are  eliminated  by  the 
glomeruli,  and  so  are  not  got  rid  of  when  the  renal  arteries  are 
tied;  whereas  certain  other  substances,  e.g.  urea,  when  injected 
into  the  blood,  are  eliminated  by  the  convoluted  tubes,  even 
when  the  renal  arteries  have  been  tied.  This  evidence  is  very 
direct  that  urea  is  excreted  by  the  convoluted  tubes,  and  cannot 
be  considered  to  be  invalidated  by  the  statement  made  bv 
Adami  that  tliere'is  a  slight  anastomosis  between  the  two  sets 
of  vessels. 

If  the  part  of  the  cortex  of  the  kidney  which  contains  the 
glomeruli  is  removed,  urea  still  continues  to  be  formed.  This  is 
an  additional  proof  that  the  excretion  is  performed  by  the  portions 
of  the  convoluted  tubules  that  remain. 
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The  Work  done  by  the  Kidney.  • 

Recent  work  by  Starling,  Hamburger,  Drcser,  and  others  has 
shown  the  great  importance  a  proper  study  of  osmosis  in  the 
body  has  in  the  understanding  of  many  physiological  facts. 

The  subject  is  by  no  means  a  simple  one,  but  the  following 
account  of  its  bearing  on  urinary  secretion  (abstracted  from 
Starling)  will  not  lead  us  into  anything  very  abstruse. 

We  have  already  seen  that  the  urine 
§8  separated  from  the  blood  by  a  pro-  || 

een  which  is  not  the  simple  one  called 
filtration.  This  is  further  supported 
by  the  fact  that  it  is  possible  to 
measure  the  work  of  the  kidney,  and 
it  is  found  to  be  vastly  greater  than 
oould  be  carried  out  by  the  intra- 
capillary  blood-pressure.  The  follow- 
ing facts  will  ali^  teach  us  that 
reabeorption  of  water  cannot,  as  Lud- 
wig  held,  take  place  in  the  tubules. 

The  measurement  of  the  work  done 
by  the  kidney  depends  upon  a  deter- 
mination of  the  respective  osmotic 
jfressttres  of  the  urine  and  blood  plasma. 
If  a  bladder  containing  strong  salt 
solution  is  placed  in  a  vessel  of  distilled 
water,  water  passes  into  the  bladder  by 
dialysis,  so  that  the  bladder  is  swollen, 
and  a  manometer  connected  with  its 
interior  will  show  a  rise  of  pressure 
(osmotic  pressure).  But  the  total  rise 
of  pressure  cannot  be  measured  in  this 
way  for  two  reasons :  (i)  because  the 
salt  diffuses  out  as  the  water  diffuses 
in;  and  (2)  because  the  membrane  of 
the  bladder  leaks;  that  is,  permits  of 
filtration  when  the  pressure  within  it  has  attained  a  certain  height. 
It  is  therefore  necessary  to  use  a  membrane  which  will  not  allow 
salt  to  pass  out  either  by  dialysis  or  filtration,  though  it  will 
let  the  water  pass  in.  Such  membranes  are  called  semi-permeable 
membranes,  and  one  of  the  best  of  these  is  ferrocyanide  of  copper. 
This  may  be  made  by  taking  a  cell  of  porous  earthenware  and 
washing  it  out  first  with  copper  sulphate  and  then  with  potassium 
ferrocyanide.  An  insoluble  precipitate  of  copper  ferrocyanide  is 
thus  deposited  in  the  pores  of  the  earthenware. 


zr   B 


Kg.  415.— A,  outer  ^ 

taming  diMtiUcd  water;  B, 
inner  semi-permeable  veMel 
containing  x  par  cent,  nalt 
solution ;  M.  mercorial 
manometer.  (After  Star- 
ling.) 
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If  micli  a  cell  is  armtiged  as  iu  fig.  415,  ami  filled  with  a  i  per 
cent,  solution  of  sodium  chloride,  water  diffuses  in,  till  the  pres- 
sure registered  by  the  manometer  reaches  the  enormous  height 
of  5000  millim.  of  mercury.  If  the  pressure  in  the  cell  is 
increased  beyond  this  artificially,  water  will  be  pressed  through 
the  semi-penncnble  w^alls  of  the  cell  and  the  solution  will  become 
more  concentrated. 

Ii>  other  words,  in  order  to  make  a  solution  of  sodium  chloride 
of  greater  concentration  than  i  per  cent.,  a  pressure  greater  than 
5000  mm.  of  mercury  must  be  employed.  The  osmotic  pressure 
exerted  by  a  2  per  cent,  solution  would  be  twice  as  great. 

It  is,  moreover,  found  that  the  osmotic  pressures  of  variom 
solutions  depend  merely  on  the  number  of  molecules  of  any  sub- 
stance present ;  the  nature  of  the  substance  makes  no  differenoe. 
The  osmotic  pressure  is,  in  fact,  equal  to  that  which  the  dissohed 
substance  would  exert  if  it  occupied  the  same  space  in  the  fonn 
of  a  gas.  The  osmotic  pressure,  however,  of  substances  like  sodium 
chloride  which  are  electrolytes,  is  double  what  one  would  expect; 
this  is  becaiise  each  molecule  in  solution  is  split  into  its  constituent 
ions,  sodium  and  chlorine. 

Hence,  it;  the  osmotic  pressures  of  blood  plasma  and  urine  an 
detennined,*the  work  done  by  the  kidney  cells  in  order  tosepankte 
from  the  blood  plasma  a  fluid  with  the  osmotic  pressure  of  the 
urine,  can  be  estimated. 

We  may  take  some  examples  from  Dreser's  work.  He  took 
the  case  in  which  200  c.c.  of  urine  were  excreted  during  a  night; 
the  blood  plasma  in  this  case  had  an  osmotic  pressure  =  0*92 
per  cent,  solution  ;  While  that  of  the  urine  was  =  4-0  per  cent 
solution  of  sodium  chloride.  In  this  case  the  kidney  had  per- 
formed 37  kilogramme-metres  of  work.  In  another  case  of  moie 
concentrated  urine  obtained  from  a  cat  previously  deprived  of 
water  for  three  days,  the  numbers  were  respectively  i  *  i  and  8'a 
The  difference  was  equal  to  a  pressure  of  498  metres  of  water; 
so  that  the  kidney  had  separated  urine  from  the  blood  against 
a  pressure  of  49,800  grammes  per  square  centimetre,  a  fom 
about  six  times  greater  than  the  maximum  force  of  muscle. 

The  actual  method  of  estimating  oemotic  pressure  is  not  by  means  of  1 
manometer  as  in  the  diagrram.  but  by  certain  indirect  methods.  The  one 
asually  employed  depemls  on  the  fact  that  the  freezing  point  of  a  solution 
of  any  snbstani'^  in  water  is  lower  than  that  of  water  :  the  lowering  of  the 
freesing  point  is  pro|K»rtional  to  the  molecular  concentration  of  the  dissolted 
wlxtance,  axid  that  as  we  have  seen  is  proportional  to  the  osmotic  pressuie. 
Hie  gramme-molecule  is  the  number  of  grammes  corresponding  to  the 
Moleciilar  weight.  Thus  the  gramme-molecular  weight  of  sodium  chloride 
*ta.  56-37  gimmmes  (^^=23  ;  01=35*37).  and  of  grape  sagar  (C^Hi^e)  179-58 

i«»ei,    When  a  gimmme-molecnle  of  any  substance  is  diatdlved  in  a  Utre 
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0^  -water,  the  freezing  point  is  lowered  by  i*8*  C,  and  the  osmotic  pressure 
ift  :x  6,986  mm;  of  meicurj.  From  this  we  can  calculate  the  osmotic  pressure 
oC     woij  solution  if  we  know  the  lowering  of  its  freezing  point. 

^         .                     lowering  of  f  reczincr  point       ,    „^ 
Osmotic  pressure  = ■ — ^ = x  16,986. 

IF'or  example,  a  i  per  cent,  solution  of  sugar  would  freeze  at  —  0*052**  C. 

>        1^  ...      '052x16,086 

I       l^s  osmotic  pressure  is  therefore :« =490  mm,  of  mercury. 

Xhe  osmotic  pressure  of  solutions  may  also  be  comparetl  by  observing  their 

effect  on  red  blood  corpuscles,  or  on  vegetable  cells  such  as  those  in  Trades- 

.^\       cantia.   If  the  solution  is  hypertonic^  i.e.  has  a  greater  osmotic  pressure  than 

\      the  cell  contents,  the  protoplasm  shrinks,  and  loses  water,  or  if  retl  corpuscles 

*re  aaed,  they  become  crenated  ;  if  the  solution  is  hypotonu^,  i.e.  has  a  less 

*^\       oemotic  pressure  than  the  material  within  the  cell-wall,  no  shrinking  of  the 

:  V  jt^       piotoplasm  in  the  vegetable  cell  takes  place,  and  if  red  corpuscles  are  used 

fT*i!i       ^^y  *weU  and  liberate  their  pigment.    Imttimic  solutions  pnxluce  neither  of 

«j>  I       ^^^  effects,  because  they  have  the  sjime  molecular  concentration  and 

I  ;.  "f       **nH)tic  pressure  as  the  material  within  the  cell-wall. 

•*- » 

:::::  [  Extirpation  of  the  Kidneys. 

u»  ^^irpaiion  of  one  kuiney  for  various  diseases  (stone,  Ac),  is  a 
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^y  ^Q  means  uncommon  operation.  It  is  not ,  followed  .  by  any 
^^'^^ard  result.  The  remaining  kidney  enlarges  and  does  the 
^'^k  previously  shared  between  the  two. 

.  -^tPtirpaiion  of  both  kidneys  is  fatal ;  the  urea,  tfec.,  accumulate 
^^  tl^e  blood,  and  the  animal  dies  in  a  condition  of  deep  coma 
PJ^eded  by  convulsions  (ureemia).   .  See  p.  536. 

;^'igature  of  both  renal  arteries  practically  amounts  to  the  same 
r°'*^%  as  extirpation  of  the  kidneys,  and  leads  to  the  same  result. 
^  ^h.€  ligature  is  released  the,  kidney  once  more  sets  to  work,  but 
j*^  \irine  seci^eted  is  then  albuminous,  owing  to  the  epithelium 
^^i^g  been  impaired  by  being  deprived  for  a  time  of  its  normal 
***^Ha  supply. 

/^^^moval  of  one  kidney,  followed  at  a  later  period  by  remm^al 
^  *^  half  or  tiMhthird 8  of  the  other  \ef\ds  in  dogs,  in  which  the 
'  V^^^^ttion  has  been  performed  by  Bradford,  to  a  8uri)risiiig  result. 
V^^T  the  second  operation  the  urine  is  increased  in  amount,  and 
;  ^  quantity  of  urea  is  much  greater  than  normal.  This  comes 
J  'f^l^E^  a  disintegration  of  the  nitrogenous  ti.ssues ;  the  animal 
I  ^^"^t^^B  rapidly  and  dies  in  a  few  weeks.  It  is  thus  evident  that 
j  "^  kidneys  play  an  important  part  in  nitrogenous  metabolism 
*^^^^  from  merely  excreting  wjistc  substances.  The  exact 
^^lanation  has  still  to  be  found,  but  it  is  possible  that  the 
^^*tiey,  like  the  pancreas  and  liver,  and  n.any  ductles.s  glands, 
®*^^'an  internal  secretion  (see  p.  480). 
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The  f  aaiage  of  Urine  into  tho  Bladder. 

Ajb  each  portion  of  urine  ia  secreted  it  propels  that  nrhiclk] 
already  in  the  uriniferous  tubes  onwards  into  the  pelvia  of 
kidney.  Tbence  through  the  ureter  the  urine  pm^m  into 
bladdor,  into  which  it*  rat<3  and  mode  of  entranc*  hms 
watched  in  caaea  of  fciopiu  veskw^  i.e.  of  such  fissures  in  liie 
ant^^rior  and  lower  pirt  of  the  walls  of  the  abdomen^  and  of  the 
fi-ont  wall  of  the  bladder,  as  expose  to  view  lUk  bitider  w»W 
tog*;ther  witli  the  orifices  of  the  uretem  The  uriiie  do»  iwt 
enter  the  bladder  at  any  regular  rate,  nor  Is  ther«  a  sjnchitKitMn 
in  its  movement  through  the  two  ureters.  During  fasting,  t»o 
or  three  drops  euter  the  bladder  every  minute  ;  each  dropM  il 
enters  first  nti&es  up  the  little  papilla  through  which  the  nrtl«f 
opens,  and  then  paaaes  slowly  through  its  orifice,  which  at  ooc* 
again  closes  like  a  sphhicter.  In  the  recumbent  posture,  the 
urine  callects  for  a  little  thne  in  the  ureters,  then  flows  geatlvt 
am),  if  the  body  is  raised,  runs  from  them  in  a  stream  till  th«J 
are  cnxpty.  Its  tiow  m  aiiled  by  the  periHtaltie  contrECtions  *>/  Kh 
nrotei'Hj  and  la  mcrtatae<l  in  deep  iui^piration,  or  by  stfainingi  And 
in  at'tivu  exercise,  and  in  fifteen  or  twenty  minutes  after  a  mc^l. 
The  urine  is  prevented  from  regurgitation  into  the  ureters  hjr 
the  mode  in  which  these  pass  through  the  walls  of  the  bladdef* 
namely,  by  their  lying  for  betw^een  half  and  thrt?eH|uart€rs  of  »fl 
inch  between  the  mnscnlar  and  rnncous  c^mts  ttefore  they  t«ni 
rather  abruptly  forwards,  and  open  through  the  latter  into  ibe 
interior  of  the  bladder. 


MietiirltloiL 

The  contraction  of  the  nin^ular  walls  of  the  bladder  luikj 
by  itsulf  cxjjel  the  urine  with  little  or  no  help  from  otiw* 
muscles.  In  so  far,  however,  as  it  is  a  fKdunt4ify  act,  it  »• 
performed  by  meantj  of  Uie  abdominal  and  otlier  eipimtofy 
muscles,  which  in  their  contraction  press  on  the  nbdouiiai^I 
yisc<}ra,  thi3  diaphragm  being  fitted,  luid  cam^c  the  eipuJBtuii 
uf  the  contents  of  those  whose  sphincter  museltsa  are  At  l^ 
saniu  time  relaxed*  The  muscular  coat  of  the  bladder  cooperat<*i 
in  micturition,  by  reflex  mmluniar^  action,  with  the  atiddmio*^ 
muscles  ;  and  the  act  is  completed  by  the  acetyl rrfilor  uri^^ 
which^  iis  it4!i  name  implies,  qnickeuH  the  stream,  and  eip^l^  ^'^^ 
last  drop  of  urine  from  the  urethra*  Th^  aot,  so  far  as  it  i^  \^^^ 
directed  by  volition,  is  under  the  control  of  a  nervous  tmtit  tu 
the  lumbar  spinal  oord,  through  which,  ojs  in  th^f  cabt'  d  th* 
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tar  centre  for  defsecation,  the  various  muscles  concerned 
harmonised  in  their  action.  It  is  well  known  that  the  act 
be  reflexlj  induced,  e.^.  in  children  who  suffer  from  intestinal 
DB,  or  other  such  irritation.  Generally  the  afferent  impulse 
h  calls  into  action  the  desire  to  micturate  is  excited  by  over 
tnsion  of  the  bladder,  or  even  by  a  few  drops  of  urine  passing 
the  urethra.  The  impulse  passes  up  to  the  lumbar  centre 
produces  on  the  one  hand  inhibition  of  the  sphincter  and  on 
other  hand  contraction  of  the  necessary  muscles  for  the 
ilsion  of  the  contents  of  the  bladder.  The  tonic  action  of 
lumbar  centre  can  also  be  inhibited  by  the  will, 
he  bladder  receives  nerves  from  two  sources: — (i)  from  the 
or  dorsal  and  upper  lumbar  nerves  ;  these  fibres  pass  to  the 
pathetic  chain,  from  here  to  the  inferior  mesenteric  gang- 
and  ultimately  reach  the  bladder  by  the  hypogastric  nerves, 
mlation  of  these  nerves  causes  contraction  of  the  circular 
IS  of  the  bladder,  including  the  sphincter;  (2)  from  the 
ad  and  third  sacral  nerves ;  these  run  to  the  bladder  by  the 
i  erigentes.  Stimulation  of  these  nerves  causes  relaxation 
le  sphincter  and  contraction  of  the  detrusor  urince.  (ZeissL) 
llej  and  Anderson  find  however  that  stimulation  of  both  sets 
jrves  causes  contraction  of  both  longitudinally  and  circularly 
iged  muscle  bundles. 


CHAPTER  XXXVII. 

THE  URINE. 


oantity. — A  man  of  average  weight  and  height  passes  from 
3  to  1,600  c.c,  or  about  50  oz.  daily.  This  contains  about 
rammes  (i^  oz.)  of  solids.  For  analytical  purposes  it  should 
)llected  in  a  tall  glass  vessel  capable  of  holding  3,000  cc, 
1  should  have  a  smooth-edged  neck  accurately  covered  by  a 
id-glass  plate  to  exclude  dust  and  prevent  evaporation.  The 
1,  moreover,  should  be  graduated  so  that  the  amount  may 
sily  read  off.  From  the  total  quantity  thus  collected  in  the 
^y-four  hours,  samples  should  be  drawn  off  for  examination. 
lour. — This  is  some  shade  of  yellow  which  varies  consider- 
in  health  with  the  concentration  of  the  urine.  It  is  due  to 
;ture  of  pigments ;  of  these  urobilin  is  the  one  of  which  we 
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have  the  most  accurate  knowledge.  Urobilin  hae  a  reddish  tmt 
and  is  undoubtedly  derived  from  the  blood  pigment,  and,  Uk« 
bilo  pigment^  is  an  iron- free  derivative  of  hamoglobiit  The  \ 
theory  usually  accepted  concerning  its  mode  of  ongin  is  that  Klc 
pigment  in  in  the  intestines  converti^  into  Bt^rc^bilin ;  tbat  moot 
of  the  stercobilin  leaves  the  body  with  the  fieces ;  that  some  ii 
reabsorbed  and  is  excreted  with  the  urine  as  urobilin.  Bo^ 
stercobilin  and  nrobjlin  are  very  like  the  artificial  reducticm  pitj. 
duct  of  bilirubin  calltd  hydrobilirubin  (see  p,  49')-  Nonnil 
urine,  however,  contains  very  little  urobilin.  The  actual  body 
present  is  a  chromogen  or  mother  substance  called  urobilinogen, 
which  by  oxidatiou,  for  instauce  standing  exposed  to  the  air^  ii 
converted  into  the  pigment  proper.  In  certain  diseased  conditiGiii 
the  amount  of  urobilin  is  considerably  increased. 

The  moat  abundant  urinary  pigment  is  a  yellow  one,  named 
urochrome.     Jt  shows  no  absorption  bands.     It   is  probably 
oxidation  product  of  urobilin.     (Riva,  A.  E.  Garrod.) 

Beaction. — The  reaction  of  nomml  urine  ig^^jd.  This  h  mi 
due  to  free  cteid,  as  the  uric  and  hippuric  acids  in  the  urine  are 
combined  as  urates  and  hippurates  respectively.  The  aciditrm, 
due  to  acid  salte  of  which  acid  sodium  [^oapbatc  iiTEemort' 
imp^fent.  Under  certain  circumstances  the  urine  becomesTi* 
acid  and  t;V"en  alkaline ;  the  moat  important  of  these  are  u 
follows : — 

1.  During  digestion.  Here  there  is  a  formation  of  free  acid  m 
the  stomach,  and  a  corresponding  liberation  of  bases  in  the  blood, 
which,  passing  into  the  urine,  diminish  its  acidity,  or  even  render 
it  alkaline.  This  is  called  thr  alkaline  tide ;  the  opposite  ooQ- 
dition,  the  acid  tiJe^  occurs  after  a  fast — ^for  instance,  befcn 
breakfast. 

2.  In  herbivorous  animaU  and  vegetarians.      The  Joo^  hctt 
contain^  excess  of  alkaline  salts  of  acids  like  tartaric,  citric^maUc, 
«kc.'     These  acids  are  oxidised  into  carbonates,  whtl^  pissing jgja 
the  urine  give  it  an  alkaliu©  reaction- 
Specific   Gravity,'  -This  Khonld  be  taken  in  a  sample  of  ifac 

twenty-four  honi-w'  urine  with  a  urinoriteier. 

The  specific  gravity  varies  inversely  as  the  quantity  of  urine 
passed  under  normal  conditions  from  1015  to  1025.  A  specifit 
gravity  below  1010  should  excite  suspicion  of  bydruria  ;  om 
over  1030,  of  a  febrile  c4>ndition^  or  of  diabetes,  a  disease  in  which 
it  may  rise  to  1050.  The  specific  gravity  has,  however,  been 
known  to  sink  as  low  as  1002  (after  largo  potations,  urina  potm\ 
or  to  rise  as  high  iis  1035  (^^ter  great  sweating)  in  perfectly 
healthy  persons. 
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Composition. — The  follo\vi!i«^  table  gives  the  average  amounts 
of  the  urinary  constitueutii  passed  by  a  man  in  the  twenty- four 
Hours : — 

•  Total  quantity  of  urine        ....  1500*00  grammes. 

Water 1440*00  „ 

Solids 60*00  „ 

tJrea 35tx) 

Uric  acid 075  „ 

Sodium  chloride 16*5  ,, 

Phosphoric  acid 3'5  », 

Sulphuric  acid 20  ,, 

Ammonia 0*65  ,, 

Creatinine 0*9  „ 

Chlorine      ,               .        .  no  „ 

Potassium  2*5  „ 

Sodium 5'5  „ 

Calcium 0*26  „ 

Magnesium  .      * 0*21  „ 

Tbemost  abundant  constituents  of  the  urine  are  water,  urea, 

1  abmum  clilqnde.     In  the  foregoing  table  one  must  not  be 

by  seeing  the  names  of  the  acids  and  metals  separated. 

be  acids  and  the  bases  are  combined  to  form  salts,  such   as 

iktes,  chlorides,  sulphates,  phosphates,  tc. 


Urea. 

Urea,  or  Carbamide,  CO(NH2)2»  is  isomeric  (that  is,  has  the 
'lame  empirical,  but  not  the  same 
■tnictund  formula)  with  ammo- 
niiim  cjanate  (NH4)  CNO,  from 
which  it  was  first  prepared  syn- 
thetically by  Wohler  in  1828. 
^  *Since  then  it  has  been  prepared 
lyatbetically  in  other  ways. 
Wohler's  observation  derives  in- 
terest from  the  fact  that  this 
iras  the  first  organic  substance 
which  was  prepared  synthetically 
by  chemists. 

When   crystallised    out   from 
tbe  urine  it  is  found  to  be  readily 
soluble  both  in  water  and  alcohol : 
it  has  a  saltish  taste,  and  is  neutral  to  litmus  paper. 
of  its  crystals  is  shown  in  fig.  416. 

When  treated  with  nitric  acid,  nitrate  of  urea  (CON2H4.HNO8) 
is  formed ;  this  crystallises  in  octahedra,  lozenge-shaped  tablets 
or  hexagons  (fig.  41 7).     When  treated  'with  oxalic  acid,  flat  or 


Fig.  416.— CrystalB  of  Urea. 


The  form 
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prismatic  crystals  of  urea  oxalate  (C0NaH4.HaC,O|+W;<))  *f* 
formed  (fig.  418). 

These  crystals  may  be  readily  obtained  by  adding  exeen  of  the 
respective  acids  to  urine  which  hm  been  concentmted  to  a  ibinl 
or  a  quarter  of  its  bulk. 

Under  the  influence  of  an  organised  ferment,  the  tortilft  w 
micrococcus  ureie,  which  grows  readily  in  stale  tmne,  una 
takes  lip  water,  and  is  con^'^erted  into  ammonium  carlrtmi* 
[CONaHj  +  2  HgO  =  (N  H4)*iC0a].  Hence  the  ammonimcal  odtmr  of 
putrid  urine. 

By  means  of  nitrous  acid,  urea  is  broken  up  into  carbonic  acid, 
water  and  nitrogen,  C0NaH4  +  2  H  NO3  ^  COj  +  3 HgO  +  jNf   Tbc 


Vig.  4t7.— <?nr>tftl«  i3f  tTr»  nitmte. 


evolution  of  gas  bubbles  which  takes  place  on  the  addition  < 
fuming  nitric  acid  may  be  used  as  a  test  (or  urea. 

Hypobromite    of    soda   deoomjx^ses    urea    in    the    folio* 


(Urai]  [Bodiiun         [Q^Tbonic      [Nit^ogvu]     f  Water] 

hypobixnniie]  udd] 

This  reaction  is  important,  for  on  It  one  of  the  readiesi  mctlio 
for  estimating  urea  depends.  There  have  been  various  pi**ca  fl"f 
apparatus  invenled  for  rendering  the  analvsis  easy  ;  but  th<  ao« 
described  below  is  the  best*  If  the  experiment  is  performed  •• 
directed,  nitrogen  is  the  only  gas  that  comes  off,  the  carbonic 
acid  being  absorbed  by  excess  of  soda.  The  amount  of  nilrpgicnj 
Is  a  measure  of  the  amount  of  urea, 

l>ii|ir^*si  upparatus  (ft(f.  419)  consists  of  ft  bottje  (A)  united  tc>  1 
tuJx*  by  iiidiarubWi'  tubiijg.  The  nieasuring  tube  (l-)  h  placed  wjtliml 
cylinder  of  water  (D),  and  con  be  raisttl  and  lower^tl  at  will  M#tw'*  ^ 
35  c.c*  of  aJkftliiie  «olution  of  ^xbum  bjpobromite  {made  by  miJiiiigr  t*^*- 
of  bromine  with  33  c.e.  of  a  40  ^r  cent*  soMtion  of  c&uitic  eoda)  into  t^ 
bottle  A,  Meaiture  $  c^e.  at  urine  into  a  imiEdl  tube  (B)^  and  k»irer  il  «3^ 
fully,  so  that  no  urine  Kpil!i,  Into  the  bottle.  Close  the  bottle  teotn^  *jjj 
n  i*inp|»*»r  perforated  bv  n  glass  tube  i  this  glaas  tube  (the  bulb  Woirafl**Wi 


tube  prcT?Mitif  froth  from  poning  into  the  reit  ol  tbeappamtw)  iic_- 
to  thif  measuring  tube  by  indlaTubber  tmbt&f  aad  &  T-pti90&   llie  ilitnl  Db" 
of  the  T-piece  is  elcMd  by  a  pleoc  of  itidlanibber  tumng  and  a 
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i  of  rbe  l!«fur«.    Open  the  pInch-cock  nml  Inwi^r  the  itieasaring 

purfftco  of  the  wat^r  with  whk-h  the  oiUer  eylmtler  i^  hlled  k 

;>iTit  (jf  the  (niwltintmn*    Clnse  the  pinch-eock,  and  mise  the 

*  to  asi^crta in  if  the  apparatiiH  is  mr- right.    Then  lower  ft 

!  bottle  A  so  iw  to  uji>4et  the  nrine,  and  [*hake  well  for  a  minute 

P  this  time  there  iji an  *:voluiiotL  of 

pxtiers^  the  bcittle  in  ii  large  beaker 

rater  ot  The  iKiime  temperature  as 

lincler.  After  two  or  three  minutea 

uuriug  tube  until  the  sarfuces  of 

de  nod  outride  It  nre  at  the  same 

HSl  the  nmouut  of  gas  (niirogen) 

,  e.c»  of  nitrogi*ti  are  yieldetl  by 

ur«i.    Fjioto  this*  the  quantity  of 

S.C,  of  urine  and  the  percentaa^e  of 

Jeulated,    If  the  total  urea  prtssetl 

ionr  hourly  m  to  beaAeer(aiiie<i,  the 

kKmrH"^    urine   munt    be   carefully 

I  thonrughlj  nuxed.     A  saftiple  m 

from  the  total  for  analyfiis ;  ami 

mple  Slim  m  proportion,  the  total 

r^  is  aBeertftined,    Soaietirnes  the 

xhm  iupplied  with  thi^  apparatus 

•ti  in  division*  comesponaing  to 

sf  urea* 

,hoil  (Liebig'a)  of  estimating  urea 

e   following  :^Take  40  e.c,  of 

this  20  c.c.  of  biryta  Tnixture 

of  barium  hydrate  and  one  of 

both  (Saturated   in   the  cold)* 

I  precipitate  of  barium  jdioaphate 

f  whic}i  is  formed.    Take  1 5  c.c*  of 

fhm  eorrespottds  to  to  c*e.  of  urine) 

L      Hun   into   it    from    a   burette 

brnrie   nitrate    solution    of   «ueh 

that   I    L\c.   exactly   precipitates 

^  of  urea  tm  a  com  pound  with  the 

NsH4)iH|:(NOaVHj;0)s.  Tlics<du- 

in  until  the  jm-friinfsite  ecafits  to 

free    intTcuric    nvtinte    iis   prcaent 

ure ;  this  can  be  detected  by  the 

r  a  drop  of  the  mixture  ijivea  with 

|lurate«l  solution  of  podium  ear* 

phltv  slab.    The  amount  used  from 

sati  be  read  off*  and  the  percentage 

'.ulatett.      In  another  specimen  of 

[ine,  the  ch  lor  ides  are  then   cMi* 

I  gmmme  of  urt-a  subtracted  for  every  1*3  gmmine  of  sodiLm 
ned* 

bromitc  an<l  Ljebijf's  method  g:ive  practically  identical  re^ultu ; 
e  the  easier  to  perform  and  the  reijults  arc  sufficiently  accurate 
mrpoaei. 


— D 


Fig.    419*— Dij]  rt';*    nrc» 
appiifntUfl. 


Mll,_?L^iI^^  is  somewhat  variable,  the  chief  cmte 
_  being  the^j^jiouut  of  proteid  food  ingested.  In  a 
siSelir^equilibriiitB  the  quantity  of  urea  eccreted  dailj 
J  to  35  gramiues  (500  grainu).    The  oormal  percentage  in 
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huiima  urhie  is  i  |>ar  eei»t,  ;  Uut  thk  al^u  vitriea^  becau«e  Ute  cau^ 
centra tion  af  tbe  urine  curies  oonaidembly  in  heitlth.  In  dc^  n 
may  be  lo  per  cent.  Tiic  excretion  of  urea-  in  tisualljr  at  i 
maximum  three  hours  after  a  iiieai  especially  after  a  men]  fidi  to 
proteitk.  The  ureac|t.>eii  nut  er^jue,  iiy^yev^fj  direct  from  Uie 
the  fcKid    cnufit  "t^e  Hr.'it  ai3i|imiUited,  and   h(  ■  rl 

Ibefore  it  can  break  dowu  Xa^  i^^tui  ur^*     An 
Is  to  be  found  in  the  caae  of  the  amido^aeids,  OBpecsially  leuctui 
and  argitiine  (see  p,  475)5  which  are  formed  in  the  intestina] 
from  proteids  during  digestion,     TheHe  aubtttaiiceft  are  t^s 
the  liver,  and  there  converted  into  urea ;  but  only  it  very 
fraction  of  the  urea  in  the  urine  is  formed  iu  this  way*     £Qfi4j 
increaaeii  the  eliminatiQu  of  urea  ^^^'^iv^  jJUltJni"^'*^*^^''  t^he  Uia&iml 
to  iticreasied- activity  ;  their  waste  tiitro4fQBqyiL.^ro<]fi'  tts 
verted  intoj^ire%  which,  passiiig  hi  to  the  blood,  is  dir 
bytne  Bdneys.     The  greater  the  amount  of  protL-m  I'^.^i  ^ 
the  more  waste  protTucts    do    tTie  tissues  diaoiiarge  from 
,^  prStopla^m,  in  onlcr  to  iimke  room  for  the  uej^  prot^ii  " ' 

buitt  into  its  s^ubstatjce,  . 

\  %  Muscular  exercise  has  little  immediate  effect  00  the  mni 

2^  ^^™^  discliarged.     In  very  intense  muscular  work  there  is  a  „^ 

|Q   immediate  increase  of  urea,  but  thiss  is  quite  insigriificaut  %\\ 

^^J*^  i  comparetl  to  the  increase  of  work.     This  is  strikingly  difft*i 

V'^^from  what  oct^ura  in  the  caae  of  carljonic  aeid  ;  the  more  i\ 

r^  •  ^  inuscles  i^ork,   the  mor^  carbonic  acid  do  they  aeud  into 

1  T^  X  venous  bJnod,  which   is  rapidly  discharged  by  the  expired  wt 

^  4^        Keceiit  careful  research  lias,  however,  shown  that  an  increase  4 

i  Yx        nitrogenous  %vaste  does  occur  on  muscular  ajtertiou^  but  appcnn 

*-  '^^       a»  urea  in  the  urine  to  only  a  alight  extent  on  the  day  of  tk 

work  :  the  mtijor  part  i.s  eJEcrcted  during  the  next  day. 

Where  ifl  tTrea  formed  P — The  older  authom  coiiaidtrred  tWt 
it  wau  formed  in  the  kidneys,  just  as  they  also  enmaieoufch 
thought  that  cjirVionic  acid  was  formed  in  the  lung's.  ?reit»i 
and  Dumas  were  the  first  to  show  that  after  complete  extirpaHou 
of  the  kidneys  the  formation  of  urea  goes  on,  and  that  it  ac^a- 
mulates  in  the  blood  and  tissues.  Similarly,  in  those  caacs  ^>f 
disease  in  which  the  kidnevs  cease  work,  urea  is  still  formed  aod 
accumulates.  This  condition  is  caviled  urwnim  (or  ureii  b  lEe 
blood),  and  unless  tlie  urea  be  discharged  from  the  body  ibe 
patient  dies.  ITiere  is  no  dLiubt»  however,  that  it  la  Dot  iires 
but  some  antecedent  of  urea  that  acts  most  poim>nously,  and  i» 
the  C4iuise  of  death. 

Where,  then,  is  the  iteat  of  urea  formation  !  NitfOf?cn<niJ( 
wimU*  ot^ours  ill  all   the  living  tisBUeS|^  and   tj^ 
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'         Mholif^ni  ia   urea.      It  may  not  lie  that 

.  .    .  .  iieuted  in  each  tbauej  for  if  we  look  to 

le  most  abuuduDt  tissut?,  the  umaculiir  tissue,  ureu  is  absH^nt,  or 

mrlv  so.     Yot  there  cau  be  uo  dotibt  ttmt  the  chief  place  from 

luch  ur^a  ukimalely  comes  is  the  niusouiar  tisaue.    Some  ititer- 

Daedlate  step  occurs  it^  the  mixsclea ;  the  fiual  Eteps  occur  c  be  where* 

lu  muiicleQ  we  find  a  Hubstance  called  cretitiite  iii  fairly  large 

i|iiaiitities.     If  creatiue  ig  iujected  iuto  the  blood  it  is  discharged 

ms    craatmiue.     But    there  k  very   little    crcatinlue   iu    normal 

tirine ;  what  little  there  is  can  be  nearly  all  accounted  for  by  the 

,tiue  ill  the  food  ;  the  muBCular  creatine  m  discharged  a^  urt^a ; 

ioreover,  nrea  can  be  artificially  obtained  from  creatine  in  the 

aboratoty. 

»  Similarly,  other  cellular  organs,  spleen,  lymphatic  glands, 
iccreting  glandsi  participate  in  the  fonnation  of  urea ;  bnt  the 
paost  important  appears  to  be  the  liver :  t^is  is  the  orgaii  wheTe 
|She  fTnalcTiangea  take  place.  The  urea  is  then  carried  by  the 
blooi^  "t<Tttie  litdney ,  anJ  is  there  excreted. 

The  facta  of  ex|>eriment  and  of  pathology  point  very  strongly  / 
in  support  of  the  theory  that  urea  is  formtd  in  the  liver.     Thef 
^priocipal  are  the  following : — 

I.  After  removal  of  the  liver  in  such  animals  as  froga^  urea  I 
ormation  almost  ce&Hea,  and  ammonia  is  found  in  the  urine  instead.  { 
a.   In  mammals^  the  extirjiaUon  of  the  Hver  is  such  a  severe 
e  rati  on    that   the    animala   do    not   live.     But   the   hver   of 
imtnals  can  be  vety^  largely  thrown  out  of  gear  liy  wmuectiug 
ic  pt»rtal  vein  directly  to  the  inferior  vena  cava  (Kck  a  fistula)* 
Phis  exiieriment  has  been  done  succeBsfuUy  in  dogs ;  the  amount 
of   urea  in   the   urine   is  lessen ed»    aud   its   place  U  taken   by 
amnionia. 

3-   When    degenerative   changes    occur   in    the    liver,    as    in  | 
.  €f't'7'/i*nU  of  that  or^an,  the  urea  formed  iu  much  lessened,  and  / 
[  its  place  is  taken  by  ammonia.      In  a€utt  ytlkfW  atruphtf  urea  is  j 
ftlmntjt  absjcut  in  the  urine j  and,  again,  there    is    considemblej 
ipcrt^ase  hi  the  ammonia.      In  this  disease  leucine  and  lyrmniei 
I  are  also  found  in  the  urine ;  imdiie  stress  should  not  be  laid  xipoa 
this  latter  fact,  for  the  leucine  and  tyrasine  doubtless  origiuate| 
in   the   intestine^   and,    escaping    further  deconiptisition    in    tbej 
degenerated  liver^  pass  as  such  into  the  urine. 

We  have  to  consider  next  the  intermediate  stages  between 
proteid  and  urea*  A  fpw  years  ago  Prechael  succeeded  iu  arti- 
ficially producing  urea  from  casein.  More  recent  work  has  shown 
that  this  is  true  for  other  proteids  also.  If  a  proteid  is  decom- 
posed by  hydrochloric  acid,  a  little  stannous  chloride  being  added 
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to  prevent  oxidation,  a  number  of  products  are  obtiuned,  such  as 
ammonium  salts,  leucine,  tyrosine,  aspartic,  and  glutaminic  acids. 
This  was  known  before,  so  the  chief  interest  centres  rcmnd  tvo 
new  substances,  precipi table  by  phosphotungstic  acid.  One  of 
these  is  called  lysine  (C6H14N2O2,  probably  di-amido-caproic 
acid) ;  the  other  was  first  called  lysatintne.  Hedin  then  showed 
that  lysatinine  is  a  mixture  of  lysine  with  another  base  called 
arginine  (C6H14N4O2) ;  it  is  from  the  arginine  that  the  urea  comet 
in  the  experiment  to  be  next  described.  Arguing  from  some 
resemblances  between  this  substance  and  creatinine,  Drechsel 
expected  to  be  able  to  obtain  urea  from  it,  and  his  expectation 
was  confirmed  by  experiment.  He  took  a  silver  compound  of 
the  base, 'boiled  it  with  barium  carbonate,  and  after  twenty-five 
minutes'  boiling  obtained  urea. 

It  is,  however,  extremely  doubtful  whether  the  chemical  decom- 
positions produced    in    laboratory  experiments  on    proteids  are 
comparable  to  those  occurring  in  the  body.     Many  physiologists 
consider  that  the  amido-acids  are  intermediate  stages  in  the  meta- 
bolic processes  that  lead  to  the  formation  of  urea  from  proteids. 
We  have  already  alluded  to  this  question  in  relation  to  the  creatine 
of  muscle,  and  we  are  confronted  with  the  difficulty  that  injection 
of  creatine  into  the  blood  leads  to  an  increase  not  of  urea,  but  of 
creatinine  in  the  urine.     If  creatine  is  an  intermediate  step,  it  must 
undergo  some  further  change  before  it  leaves  the  muscle.     Other 
amido-acids,  such  as  glycocine  (amido-acetic  acid),  leucine  (amido- 
caproic  acid)  and  arginine  are  probably  to  be  included  in  the 
same  category  ;  there  is,  however,  no  evidence  that  tyrosine  act» 
in  this  way.     The  facts  upon  which  such  a  theory  depends  are 
(i)  that  the  introduction  of  glycocine  or  leucine  into  the  bowel, 
or  into  the  circulation,  leads  to  an  increase  of  urea  in  the  urine; 
and  (2)  that  amido-acids  appear  in  the  urine  of  patients  suffering 
from  acute  yellow  atrophy  of  the  liver.     Then,  again,  it  is  per-^ 
fectly  true  that,  in  the  laboratory,  urea  can  be  obtained  froi^-y 
creatine,  and  also  from  uric  acid,  but  such  experiments  do  nc;^^ 
prove  that  creatine  or  uric  acid  are  normally  intermediate  pt>^ 
ducts  of  urea  formation  in  the  body.     Still,  if  we  admit  for  tJV 
sake    of   argument  that   amido-acids  are  normally  intermedl^^, 
stages  \k\  protcid  metabolism,  and  glance  at  their  formulse — 

Glycocine,  C2H5NO2, 
Leucine,     CeHigNOa, 
Creatine,     C4H9N8O2, 

— we  see  that  the  carbon   atoms  are  more  numerous  tha^x:^ 
nitrogen  atoms.     In  urea,  CON2H4,  the  reverse  is  the  case. 
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ikido-aeidtt    intist    therefore    be  split    into  simpler    com  pounds, 
irhieh   unite  with   one  another  to  form  urea.       Urea  formatioii 
thus,  in  part,  synthetic.     There  have  been  irarious  theories 
Ivanoed  as  to  wlint  these  simpler  eom]>ound3  are.     Some  have 
ijdared  that  cjauatei  otheris  that   carhamiite,  and  others  ^tiil 
i  0|l^bonate  of  ainmoniunj  Is  foniied.     Schroder's  work,  which 
I  COD  firmed  by  subsequent  investigators^  proves  that  ammo- 
nium carbonate  is  one  of  the  urea  precursors,  if  not  the  principa! 

-— — 


[AnudofiiUDi  I'Wa.txr]  [Vtva]. 


ScViPoder's  principal  experiment  was  this  :  a  miitiire  of  blood  atid 
ammonium  carbonate  was  injected  into  the  liver  by  the  portttl 
vein  ;  the  blood  leaving  the  liver  by  the  hepatic  vein  was  found 
to  Gontain  urea  in  great  abundance.  This  does  not  occur  when 
the  same  experiment  is  performed  with  any  other  organ  of  the  body, 
so  that  Schrtjder's  experiments  also  prove  the  great  importance 
of  the  liver  in  urea  formation* 

There  is,  however,  no  necessity  to  supjwse  that  the  formation 

I  of  amido^acids  is  a  necessary  preliminary  to  urea  formation.  The 
conversion  of  the  leucine  and  arginine  fonned  in  the  intestine 
pto  ammonium  salts  and  then  into  urea  docs  certainly  occur,  bnt 
^hin  only  aceonnt^  for  quite  an  insignificant  fraction  of  the  urea 
[In  the  urine*  If  this  also  occurs  in  tissue  metabolisnii  we  ought 
to  find  considerable  (Quantities  of  leucine,  glycocine,  creatine, 
arginine,  and  such  substances  in  the  blood,  leaving  the  various 
tissues  and  entering  the  liver  ;  but  we  do  not*  We  do,  however, 
conitfintly  find  ammonia  Mhich^  after  passing  into  the  blood  or 
lymphf  has  united  with  carbonic  acid  to  form  either  carbonate 
or  cartiamate  of  ammonium*     It  is  quite  probable  that  the  nitro- 

•  genoun  waste  that  leaves  the  muscles  and  other  tissues  is  split  off 
fnttn  them  as  anmionia,  and  not  in  the  shape  of  large  molecules 
of  ^mtdo-acid,  which  are  subseqtiently  converted  into  ammonia* 
kT^0    experiments  outside   the  body  which  most  closely  imitate 
Hftoi^e  ocenrring  within  the  body  are  those  of  Drechsel,  in  which 
^fle     passed    strong   alternating    currents   through    solutiouB    of 
prt>toid-like  materials*     Such  alternating  currents  are  certainly 
^b^eixt  in  the  body,  but  their  etiect,  which  is  a  rapidly  changing 
*&rioa  of  snoall  oxidations  and  reductions,  are  analogous  to  meta- 
°»lic5  processes  ;  under  such  circumstances  the  carbon  atoms  are 
hta^-Cfc^t  off  as  carbon  dioxide,  and  the  nitrogen  is  split  off  in  the 
^^^'^^^  of  ammonia ;  by  the  union  of  these  two  sabstanccs  ammonium 
^-^r*l:»«nate  is  formed* 
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The  following  structural  formulae  exhibit  the  relatioiidup 
between  ammonium  carbonate,  ammonium  oarbamate  and  una. 
The  loss  of  one  molecule  of  water  from  ammonium  carbonate 
produces  ammonium  carbamate ;  the  loss  of  a  second  molecule  of 
water  produces  urea — 


[Ammomum  carbonate] 


[Ammonium  eas^mate] 

Uric  Aoid. 


[Urea  or  oariwinidft]. 


Uric  Acid  (C5N4H4O8)  is  in  mammals,  the  medium  by  which 
a  very  small  quantity  of  nitrogen  is  excreted  from  the  body.  It 
is,  however,  in  birds  and  reptiles  the  principal  nitrogenous  eon- 

stituent  of  their  urine.  It  is  not 
present  in  the  free  state,  but  is 
combined  with  bases  to  form 
urates. 

It  may  be  obtained  from  human 
urine  by  adding  5  cc.  of  hydro- 
chloric acid  to  100  cc.  of  the 
urine,  and  allowing  the  mixture  to 
stand  for  twelve  to  twenty-four 
hours.  The  crystals  which  form 
are  deeply  tinged  with  urinaiy 
pigment,  and  though  by  repeated 
solution  in  caustic  soda  or  potash, 
and  precipitation  by  hydrochloric 
acid,  they  may  be  obtained  fairly 
free  from  pigment,  pure  uric  acid  is  more  readily  obtained  from 
the  solid  urine  of  a  serpent  or  bird,  which  consists  principally 
of  the  acid  ammonium  urate.  This  is  dissolved  in  soda,  and 
then  the  addition  of  hydrochloric  acid  produces  as  before  the 
crystallisation  of  uric  acid  from  the  solution. 

The  pure  acid  crystallises  in  colourless  rectangular  plates  or 
prisms.  In  striking  contrast  to  urea  it  is  a  most  insoluble  sub- 
stance, requiring  for  its  solution  1,900  parts  of  hot  and  15,000 
parts  of  cold  water.  The  forms  which  uric  acid  assumes  when 
precipitated  from  human  urine,  either  by  the  addition  of  hydro- 
chloric acid  or  in  certain  pathological  processes,  are  very  various, 
the  most  frequent  being  the  whetstone  shape;  there  are  also 
bundles  of  crystals  resembling  sheaves,  barrels,  and  dumb-bells 
(see  fig.  420). 

The  murexide  test  is  the  principal  test  for  uric  acid.  The  test 
has  received  the  name  on  account  of  the  resemblance  of  the  colour 
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crystals. 
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to  cbe  purple  of  the  ftuoknta,  which  was  obtained*  from  certain 
siyulft  of  the  genua  Murex.  It  is  performed  as  follows  :  place  ft  I  i  ttle 
tiric  acid  or  a  ural6  in  a  capsule ;  add  a  little  dilute  nitrit;  acid 
and  evaporate  to  dryneaa,  A  yellow  ieh-red  residue  is  left.  Add 
a  little  amnion ia  carefully,  aud  the  residue  turuii  violet ;  this  ie 
due  to  the  formation  of  purpurnte  of  ammonia*  On  the  addition 
of  potA«h  the  colour  becomes  bluer* 

Another  reaction  that  uric  acid  undergoeis  (though  it  h  not 
applicable  as  a  test)  is,  that  on  tn^ttneut  >vitb  cerbiiu  oxidising 
reagents  urea  and  o^taHo  acid  can  be  obtained  from  it.  Alloxau 
(C|H3|Nf04)  or  allantoin  (C|H(iN4C>3)  are  intermediate  products. 
It  ia,  however,  doubtful  whether  a  aimikr  oxidation  occurs  in  the 
normal  metabolic  processes  of  the  body. 

^Unc  acid  is  dibRsic^  and  thus  there  are  two  classes  of  urates — - 
e  normal  urates  and  the  acid  urates,     A  normal  urate  is  one  in 
which  two  atoms  of  the  hydrogen  are  replaced  by  two  of  a  monad 
metal  like  sodium  i  an  acid  imite  is  one  in  m  hich  only  one  atom 
HI  hydrogen  i»  thus  replaced .     The  formule^  w^onld  be^ 

I  CjH^K^Oa^uric  acid, 

^^^  CgHgNaN^Og^acid  sodium  urate, 

^^^k  CffH^Na^N^Og^  normal  tKidinm  urate. 

The  acid  sodium  urate  is  the  chief  constituetit  of  the  ptuklsh 
deposit  of  urates,  which  often  occurs  in   urine,  and  is  called  the 

^Urituyns  deposit 

■  The  quantity  of  uric  acid  excreted  by  an  adult  varies  from  7  to 
10  graina  (o'5  to  075  gramme)  daily. 

The  best  method  for  determining  the  quantity  of  uric  acid  in 
the  nrine  is  that  of  Hopkins,     Ammonmni  chloride  in  crystals  is 

ipdded  to  the  urine  until  no  more  will  dissolve.  This  saturation 
completely  precipitates  all  the  uric  acid  in  the  form  of  ammo- 
nium urate.  After  standing  for  two  hours  the  precipitate  is 
collected  on  a  filter,  washed  with  saturated  solution  of  ammonium 
chloride,  and  then  dissolved  in  weak  alkali.  From  this  solution 
the  uric  aeid  is  precipitated  by  neutralising  with  hytlrochlorie 
add.  The  precipitate  of  uric  acid  is  collected  on  a  weighed  filter* 
dried^  and  weighed. 

Origin  of  Uric  AcicL — Uric  acid  is  not  made  by  the  kidneys. 
When  the  kidneys  are  removed  uric  acid  continueia  to  be  formed 
and  accimiulates  in  the  organs^  especially  in  the  liver  and  spleen. 
The  Hver  has  been  removed  from  birds,  and  uric  acid  is  theti 
liardly  formed  at  all,  its  place  being  taken  by  ammonia  and  laetie 
acid,  ltja_ihe re fore  probable  that  ainmonia  and  lactic  acid  are 
>wgmallj  ByptJbLeeiaed  uj  tb.e  liver  to  form  uric  lixn]. 
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^  ITiechief  conditions  which  lead  to  an  increase  of  urig^acj^^im  s 
I .  Increaije  of  meat  diet  and  diminution  of  oiidatioo 
such  as  occur  in  people  with  sedeutarj  habits, 
a.  PathologicjU  conditions  allied  to  gout, 
3.  IntTease  of  wliite  corpuscles  in  the  blood,  esp^^eittUj  in  tho 
digeaiie.  knOWJt  vm  lemocythTmm,  This  latter  fact  is  oT  greml 
inCemt,  iiis  k'ULUx'jiea  contain  large  tiuan titles  of  DUcIeiiT^  Nud^n 
yieMs  nitmgenous  (alloxviric)  btiseij  {adenine,  bypoxiifith tste^  dce^, 
which  are  closely  related  to  uric  acid, 

The  t<mT  alloxorlc  or  xanthine  ba&^,  &g  tiiej  are  somciiuies  lermtd,  majr 
be  inTsniged  in  two  pairs : — 

Adfniftp  ha«  the  formula  CaHftNi ;  on  heating  it  with  su1|fhuriG  Mid«  SB 
ifl  replaced  by  0^  and  h^ptijrunthine  i»  formed  : — 

[Adfrnin^]  fWatoFl     lEnKoantliitiv]     [AtumoelAl 


Both  ftahetauces  tiontain  a  radicle.  CflH^Nj,  called  ttd^nijl ; 
imiiie,  hypoxaritliine  its  oicide.     The  follow  i  fig  vrjuation  iiihowi  m 
relntionBhip  betwceti  the  other  pnir  of  boBea,  ffUii/tliw  And  jnittAing^ — 

[GnuiiDoJ  [WKterJ       [3£Mithtng]        lAnnnanlaJ. 

On  comparing  the  fomiulie  of  hjpojumthine^  and  zanthtiie  with  iiHc  «ci4. 
C'bH^KiOj),  yve  Hec  their  close  relationship.  Leaving  aside  other  [>Q>iaibl«  wmjt 
in  whtch  urie  acid  in  tindotibtodlj  formed  fn  the  organism,  we  hftve  here  m 
way  in  which  uric  ncid  may  arlMe  by  oxidation  from  ihc  nncldn  basei  mad 
thim  ultimately  from  the  nuclei  of  celbi.  Certain  formi!t  of  diet  inrni^i 
I  uric  fvcid  farniation  by  lecKllnjt  to  an  increase  of  leucocytes  and  cotiaec|ii^itly 
f  iucrea'^  in  the  motalxilgdm  of  their  imclei ;  some  invefftigmt^fi  thiojc,  bov* 
ever,  thai  the  inerceje  is  chielly  dtie  to  nucleiii  in  the  food  The  qoiitiQll  u 
not  jet  settled* 

Hippimc  Acid. 

Hippurio    Aoid   (C^HgNOg),    combined  with   hasea  to   form 

hippurateSi  is  present  in  small  quantities  in  htiman  urine,  but  in 
large  quantities  in  Ihe  urine  of  herbivoru.  This  is  due  to  the 
food  of  herbivora  containing  sub^tmieos  belonging  to  the  liroiii&llc 
group — the  benzoic  acid  series.  If  benzoic  aeid  is  pvea  to  m 
niatj,  it  unites  with  glycocine  with  the  elimination  of  a  molecule 
of  water,  and  is  excreted  as  hippuric  acid^ — 

CHa.KH,     CH^NH.CO.CflHs 

('OOH         CUOH 

HBmmtdtnnidd]         [Qlyuudiu*]  (lUppQfte  add]  (Wati^l. 


This  iss  a  wtdl  marked  iiiEttauce  of  syntheaia  carried  out  in  tht 
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oiiimiil   bod  J,   and  experimental  inyestigatioa   show  a   that  it  is 
acGODiplished  by  the  living  cells  of  the  kidney  itself;  for  if  a 

I      ixuittUTe  of  glyoociui*!  bt;nmc  acid, 

I       and  blood  is  injected  through  the 
kidney  (or  mixed  with  a  minced 

'       kidney   jiiat  removed    from   the 

^^L  bcNly  of  an  aniiimt)^  their  place 

^P  is  found  lo  have  been  takau  by 

f      hippuric  acid. 

t 


CreatiMnd. 


Fi^.  4»i. — C^yvtiilii  of  bipporic  acid* 


The  crest Juine  in  the  urine 

is   nearly   all  dtjrivtKi    from    the 

creatiue   contained   in  the  meat 

of  the  food.    There  is,  however,  a 

sniall  amount  in  the  urine  even 
I       during  starvation :   this   possibly  represeuts  a  small  percentage 
^_  of  creatine  from  the  mni^cles, 
^H     The  formation  of  orcatiuine  from  creatine  is  represented  in  the 


latine   and    creatinine  are  of  considerable  chemical   interest^ 
rcauae  urea  can  be  obtained  from  them  as  one  of  their  decom- 
position pro<lucte  in  the  laboratory  ;  the  equation  which  represents 
the  formation  of  urea  from  creatine  is  as  follows ; — 


[CiHtineJ        [W&ter]         [Unm]  [Sar«Mine]. 


^th^ 

H^Tbe  second  substance  formed  is  sarcosine.  Sarcosine  is  methyl- 
^Wijisocine^ — that  is^  amido-jicetic  acid  in  which  one  H  is  replaced 
mpy  methyl  (CHg) 


CH,< 


COOH, 


It  is,  however,  doubtful  whether  decompositions  of  this  kind 
occur  in  the  body. 

Creatinine  with  ziue  chloride  gives  a  characteristic  crystalline 
precipitate  (groups  of  fine  needles)  with  composition 

C^HTNgCZnClg. 

I  According  to  the  recent  researches  of  G,  S.  Johnson,  urinary 
creatinine,  though  isomeric  with  the  creatiniue  obtained  artt- 
ticially  from  the  creatine  of  Hesh^  difi'ers  from   it    in    some  of 
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its  properties,  such  as  redacing  power,  sohibilitj,  aud  character 
of  its  gold  salts.     The  redncing  action  of  urinary  creatimne  has 
led  to  some  confusion,  for  some  physiologists  have  suppo^  that 
the  reducing  action  jon  Fehling's  solution  and  picric  acid  of  nonnal 
urine  is  due  to  sugar,  whereas  it  is  really  chiefly  due  to  creatinina 
The    reivdiest  way  of   separating   creatinine  from    urine  is  the 
following  : — To  the  urine  a  twentieth  of  its  volume  of  a  saturated 
solution  of  sodium  acetate  is  added,  and  then  one-fourth  of  its 
volume  of  a  saturated  solution  of  mercuric  chloride :  this  pn>. 
duces  an  immediate  abundant  precipitate  of    urates,  sulphates, 
and  phosphates,  which  is  removed  by  filtration  ;  the  filtrate  is 
then  allowed  to  stand  for  twenty -four  hours,  when  the  precipitation 
of  a  mercur}'  salt  of  creatinine  (C4H5HgN8OHCl)4(Hg€l2)8+2Hj0 
occurs  in  the  form  of  minute  spheres,  ([uite  typical  on  microscopic 
examination.     This  compound  lends  itself  very  well  to  quantita- 
tive  analysis.     It  may  be   collected,   dried,    and   weighed,  and 
one-fifth  of  the  weight  found  is  creatinine.     Creatinine  may  be 
obtained   from    it   by  suspending   it  in  water,    decomposing  it 
with  sulphuretted  hydrogen,  and  filtering.     The  filtrate  deposits 
creatinine  hydrochloride,  from  which  Pb(0H)2  liberates  creatinine. 
An  important  point  in  Johnson's  process  is  that  all  the  O[>eration8 
are  carried  out  in  the  cold ;  if  heat  is  applied  one  obtains  the 
creatinine  of  former  writers,  which  has  no  reducing  power. 

The   Inorganic   Ck>nstituent8  of  Urine. 

The  inorganic  or  mineral  constituents  of  urine  are  chieflj 
chlorides,  phosphates,  sulphates,  and  carbonates ;  the  metals  with 
which  these  are  in  combination  are  sodium,  potassium,  ammonium, 
calcium,  and  magnesium.  The  total  amount  of  these  salts  varies 
from  19  to  25  grammes  daily.  The  most  abundant  is  sodium 
chloride,  which  averages  in  amount  i  o  to  1 6  grammes  per  diem. 
These  substances  are  derived  from  two  sources — ^first  from  the 
food,   aud   secondly  as   the  result  of  metabolic  processes.     The 

(chlorides  and  most  of  the  phosphates  come  from  the  food;  the 
sulphates  and  some  of  the  phosphates,  as  a  result  of  metabolism. 
ITie  salts  of  the  blood  and  of  the  urine  are  much  the  same,  with 
the  important  exception  that,  whereas  the  blood  contains  only 
traces  of  sulphates,  the  urine  contains  abundance  of  these  salts. 
The  sulphates  are  derived  from  the  changes  that  occur  in  the 
proteids  of  the  body  :  the  nitrogen  of  proteids  Ij^'aTCB  Uia  Jx)dy^ 
as  urea  and  uric  ^i;;id  ;  the  sulphur  of  the  proteids  is  oxidised,  la 
form  sulphuric  acid,  whicTi  passes  into  the  urine  ii^iha  ioMi 
ofjyjpliiates.  The  excretion  of  sulphates,  moreover,  runs  parallel 
to  that  of  urea.  "* "^*      '        ' 
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Chlorides. — 'I'ho  cliirf  chloride  Ls  that  of  soiliuin.  Th«^  iii^^i's 
ion  of  sodiuui  chloride  is  followed  by  its  appearance  in  the  uriuo, 
•ome  on  the  same  day,  some  on  the  next  day.  Some  is  deeom- 
>OBed  to  form  the  hydrochloric  acid  of  the  gastric  juice.  The, 
S2l|^  in  passing  tb;ro\}gh  .th^  body,  fulfils  the  useful  office  oi 
^t.imulaHng  jdetebolisgi  and  secretion. 

*H!npCate8. — The^sulphates  in  the  .urine  .ayre. principally  tlioBc^ 

^  potassiom  and  sodium.    They  are  derived  from  themetabdism 

^  proteiids  in  l|?$"15(^jr«     Only  the  smallest  trace  enters  the  body 

^itk  tke  food.     Sulphates  have  an  impleasant  bitter  taste  (for 

^tistance,  Epsom  salts) :  hence  we  do  not  take  food  that  contains 

them.     The  sulphates  vary  in  amount  from  i  '5  to  3  grammes  daily. 

In  addition  to  these  stdphates  there  is  a  small  quantity,  about 

one-tenth  of  the  total  sulphates,  that  are  combing  with  organic 

radicles :  these  are  known  as  ethereal  sulphates,  and  they  originate 

from  putrefactive  pftxiesses  occurring  in  the  intestine.     The  chief 

of  these  ethereal  sulphates  are  phenyl  sulphate  of  potassium  and 

indoxyl  sulphate  of  potassium.     The  latter  originates  from  the 

uidole  formed  in  the  intestine,  and  as  it  yields  indigo* when  ttfeated 

with  certain  reagents  }t  is  sometimes  called  indican.     It  is  very 

important  to  remember  that  the  indican  of  urine  is  not  the  same 

thing  as  the  indican  of  plants,  which  is  a  glucoside.     Both  yield 

i]|dijgOy  but  ^ere  the  resemblance  ceases.  .   x:  ^  ^■ 

The  formation  of  these  sulphates  is  somewhat  important ;  the 

aroinatic  substances  liberated  by  putrefactive  processes  in   th(* 

intestine    are    poisonous,    but    their     conversion    into    ethereal 

sulphates  renders  them  harmless. 

The  equation  representing  the  formation  of  potassium  phenyl-sulphate  is 
aft  follows  : — * 

C«H,OH  +  S08<^5  =  SOj<^-^«"«  +  HaO 

[Phenol]       [PotoMium  (Tt)t«iwiuni  [Water], 

••  hydrogen       phenyl-milphate] 

sulphate] 

Indole  (C8H7N)  on  absorption  is  converted  into  indoxyl — 

The  equation  representing  the  formation  of  potassium  indoxyl-sulphate  is 
as  follows :— 

[Indoxyl]        [Potamium  (rotujwium  [Wat^r]. 

hydrftgcn       indoxyl-sTilpliiite] 
nulphate] 

CarbonateB. — Carbonates  and  bicarbonates  of  sodium,  calcium,  J 
magnesium,,  and  ammonium  are  only  present  in  alkaline  urine,  i 
They  arise  from  the  carbonates  of  the  food,  or  from  vegetable  ' 
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I  acids  (malic,    tartairic,  <ke,)  in  the   food.     They  are,  tbettforp, 

i  found  in  tbc  urine  of  herbivom  and  vegetariam",  whose  tuine  ii , 
thus  rendered  alkaline.  Urine  conttLlniDg  carbonates  beoottui^ 
like  saliva,  cloudy  on  standing,  the  precipitate  ootu^tiu^  o(i 
calcium  carbonuter  and  alfso  photiphatetL 

Phosphates, — li\o   clagiiei  of   phosphates   occur  in  nona^ 
urine : — 


(i)  Alkaliiio    phosphates  —  that    ia,    phosphates   of 
(abundant)  and  potasaium  (scanty). 

(2)  Earthy  phosphates — -that  is,  phosphate  of  calcium  (ftbufr 
dant)  and  magnesium  (scanty)- 


Fig.  4aa.— TTTinaiy  Kdimfmt  of  tiipl* 
pho6phat«fl  [Imt^  prmn^Ht!  ctyifuii) 
and  oiato  of  vnmoatuxn,  from  nriDe 
which  had  uadprgnne  Hlkftllue  fer* 
mentation. 


Fig.  ^a;.-'3ruc-i»  Jeponil.d  ttvu^^ 


Tlie  composition  of  the  phoaphatea  in  urine  14  liable  to  variatkni 
In  acid  urine  the  acidity  is  due  to  the  acid  aalta.  These  ut 
chiefly — 

Sodium  drhydrogen  phosphate,  NaHtPO|,  and  calcium  dihjdrogtii 
phosphate,  Ci^HstPO^)^, 

In  neutral  urine,  in  addition,  disodiiim  hydrogen  phosphate 
(Na^HPO^^  calcium  hydfogen  phosphate,  CaHP04,  and  magnesiuni 
hydrogen  phoaphate^  MgHr04,  are  found.  In  alkaline  urine 
there  m:iy  be  instead  of,  or  m  addition  to  the  above,  the  nodroal 
phosphate-"  of  sodium,  calcium,  and  magnesium  [XaaPO^jCas;  POi^j 

Mg3(P04^:j]. 

The  earthy  phosphates  are  precipitated  by  rendering  the  urine 
alkaline  by  anmionia.  In  decom[x>sing  urine,  ammonia  is  formed 
from  the  urea  :  this  also  precipitators  the  earthy  phosphates.,  The 
phoi»phates  most  frequently  found  in  the  white  creamj  precipitate 
which  occui-s  in  de^^omposing  urine  are — 
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(  I )  Triple  phosphate  or  auimonio-magnesium  phosphate 
(NH4MgP04-|-6H20).  This  crystalliBes  in  "  coffiu-lid  "  crystals 
(nee  fig.  422)  or  feathery  stars. 

(2)  Stellar  phosphate,  or  calcium  phosphate ;  this  crystallises 
in  star-like  clusters  of  prisms. 

As  a  rule  normal  urine  gives  no  precipitate  when  it  is  boiled ; 
but  sometimes  neutral,  alkaline,  and  occasionally  faintly  acid 
•urines  give  a  precipitate  of  calcium  phosphate  when  boiled :  this 
precipitate  is  amorphous,  and  is  liable  to  be  mistaken  for  albumin. 
It  naay  be  distinguished  readily  from  albumin,  as  it  is  soluble 
\.  in  a  few  drops  of  acetic  acid,  whereas  coagulated  proteid  does  not 
dissolve. 

'.  The  phosphoric  acid  in  the  urine  chiefly  originates  from  the 
dhiosphates  of  the  food,  but  is  partly  a  decomposition  product  of 
Wm  phosphorised  organic  materials  in  the  body,  such  as  lecithin 
whA  nuclein.  The  amount  of  P2O5  in  the  twenty-four  hours'  urine 
^PSries  from  2*5  to  3*5  grammes,  of  which  the  earthy  phosphates 
oontaiu  about  half  (i  to  i'5  gr.). 

Testa  fbr  the  Inorffanio  Salts  of  Urine. 

r/^ef.— Acidulate  with  nitric  acid  and  add  silver  nitrate ;  a  white 
dtate  of  silver  chloride,  soluble  in  ammonia,  is  produce<l.  The  object 
dnlating  with  nitric  acid  is  to  prevent  phosphates  being  precipitated 
Milver  nitrate,    c    *  .  r     !•.     4 

^Sulphates. — Acidulate  with  hydrochloric  acid,  and  add  barium  chloride. 
A  white  urecipitate  of  barium  sulphate  is  produce<l.  Hydrochloric  acid  is 
■gain  added  first,  to  prevent  precipitation  of  phosphates. 

Pkv»pkate$.—\,  Aod  ammonia ;  a  white  crystalline  precipitate  of  earthy 
(that  is,  calcium  and  magnesium)  phosphates  is  produced.  This  becomes 
more  apparent  on  standing.  The  alkaline  (that  is,  sodium  and  potassium) 
phosphates  remain  in  solution,  ii.  Mix  another  portion  of  urine  with  half 
Its  volume  of  nitric  acid  ;  add  ammonium  molybdate,  and  boil.  A  yellow 
oystalline  precipitate  falls.  This  test  is  given  by  both  classes  of  phosphates. 
Quantitatire  esfinMthn  of  the  salts  is  accomplished  by  the  use  of  solutions 
of  standard  strength,  which  are  run  into  the  urine  till  the  formation  of  a 
precipitate  ceases.  The  standards  are  made  of  silver  nitrate,  barium  chloride, 
and  uranium  nitrate  or  acetate  for  chlorides,  sulphates  and  phosphates 
respectively. 

Urinary  Deposits. 

The  different  substances  that  may  occur  in  urinary  deposits  are 
formed  elements  and  chemical  substances. 
.  The  formed  or  anatomical  elements  may  consist  of  blood 
corpuscles,  pus,  mucus,  epitheliiun  cells,  spermatozoa,  casts  of  the 
urinary  tubules,  fungi,  and  entozoa.  All  of  these,  with  the 
exception  of  a  small  quantity  of  mucus,  which  forms  a  flocculent 
cloud. in  the  urine,  are  pathological,  and  the  microscope  is  chiefly 
employed  in  their  detection. 

^y  2 
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The  chemical  substances  are  uric  acid,  urn  tea,  ealciiim  tmUte, 
calcium  carbauate,  aiid  pbosphates.  Harer  forma  are  leudi^ 
tyrosine,  xanthine,  and  cyatiu.  We  sliall,  however,  h&m  oolj 
.consider  the  oommoner  deposit^  and  for  their  identi^cfttioa  the 
microscope  and  chemical  tessta  must  both  be  employed. 

Deposit  of  Uric  Aoid.^ — ^Thia  is  a  Bandy  reddish  deposit 
resembling  cayenne  pepper.  It  maybe  recsogni&ed  by  ita  crpy. 
line  form  (tig.  420,  p.  540)  and  the  murexide  rsactioa,  Hi 
presence  of  these  crystals  generally  indicates  an  increased  formi- 
tion  of  uric  acid,  and,  if  excessire,  may  lead  to  the  formaticm  4 
stones  or  calculi  in  the  bladder. 


Fig.  424.— €i7«tiili  {if  Caldtmi  OuUte. 


ITg.  ^t^^—Crj^tm^  of  C^«tln* 


Deposit  of  Urates. — This  is  much  commoner,  and  may,  if  the 
urine  is  concentrated,  occur  in  normal  urine  when  it  cools.  It  is 
generally  found  in  the  concentrated  urine  of  fevers  ;  and  there 
appears  to  be  a  kind  of  fermentation,  called  the  acid  fermentation, 
which  occurs  in  the  urine  after  it  has  been  passed,  and  which 
leads  to  the  same  result.  The  chief  constituent  of  the  depoffit  ii 
the  acid  sodium  urate,  the  formation  of  which  from  the  nomuj 
sodium  urate  of  the  urine  may  be  represented  by  the  equatiou — 

2C5H2Na^N408  +   H2O   +   COa  =   2C6H3NaX403  +  NagCO, 

[Noimal  sodium  [Water]       [Carbonic  [Add  soditun  [Sodium 

urate]  add]  nxatej  oaztettfte]. 

This  deposit  may  be  recognised  as  follows : — 
;    (i)  It  has  a  pinkish  colour ;  the  pigment  called  ura-erythrin  is 
9De  of  the  pigments  of  the  urine,  but  its  relationship  to  the  other 
urinary  pigments  is  not  known. 

(2)  It  dissolves  upon  warming  the  urine. 
-    (3)  Microscopically  it   is  usually  amorphous,  but    crystalline 
fbnns  similar  to  those  depicted  in  fig.  422  nmy  occur. 
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CrjetalM  of  calcium  oxalate  may  be  mixed  with  thia  deposit 

H  454)' 
Deposit   of  Calcium    Oxalate.  —  This  occurs  in  envelope 
rvstak  {cK.*tjihtxlm)  or  ihiiiib-ljclk. 

It  is  iiiMiluble  in  aiunionia,  and  ju  acetic  acid.  It  is  soluble 
ith  difficulty  in  hydrochloric  acid. 

Deposit  of  Cyatin.— Gjitiii  (CgHiaN^SaOi)  is  recoguiised  by  its 
olourless  m-aided   cryaUle   (fig.   425)*      These  are  rare:    they 
Eiir   ouly  in    acid    urine,  and  they  may  form  concretion  a   or 

li,     Cystinuria  (cyatin  in  the  urine)  \b  hereditary. 

Z>epOsit  of  Fliosphatas.— These  occur  m  alkaline  urine.     The 

itiQ  may  be  alkaline  wljeu  passed,  due  to  fermentative  changes 

eiirriug  in  the  bliiuder.     All  urine,  however,  if  exposed  to  the 

(unless  the  air  la  perfectly  pure,  as  on  the  top  of  a  snow 

i%int*iin),  will  in  time  become  jilkaiine,  owing  to  the  growth  of  the 

yx^eun  ure(E,     This  formfi  amrnoniuin  carbonate  from  ihe  urea. 

CX>NaH4  +  aHaO  =  (NH4)aC03 

carboti^tej. 

Tfic  ammonia  rendem  the  urine  alkaline  and  precipitates  the 
earthy  phosphatea*  The  chief  forms  of  phosphates  that  occur  in 
imuary  deposits  are— 

(i)  Calcium  phosphate,  Cafl(POj)a ;  amorphous. 

(2)  Triple  or  amQionio-majL^esium  phosphate,  MgNH|P04 ; 
ooffio-lids  and  feathery  stars  (fig.  422). 

(3)  Crysttdline  phosphate  of  calcium,  CaHPO^j  in  roaettea  of 
ama,  in  spherulea,  or  in  dimib- bells. 

(4)  Magnesium  pliosphate,  Mg9(  1^0^)2  +  2  2HsO,  occurs, occa- 
onally,  and  crystallises  in  long  plates. 

All  these  phosphates  are  dissolved  by  acids,  such  as  acetic  acid, 
rttbout  etfervcficence. 

They  do  not  dissolve  on  hen  ting  the  iirine  ;  in  fact,  the  amount 
^f  precipitate  may  be  lu created  hy  heating.  Very  often  neutral 
i>r  alkaline  urine  will  become  cloudy  when  boiled ;  tliis  may  be 
'^ui*  to  albimiin  or  to  phosphates.  It  is  very  importiint  to  dis- 
tiugui&h  between  these  two,  as  albuminuria  is  a  serious  condition. 
They  may  Ite  distinguished  by  the  use  of  acetic  acid^  which 
diswolveg  phosphates  but  not  albumin. 

A  solution  of  ammonium  carbonate  (t-in-5)  eats  magnesiimi 
phoapluite  away  at  the  edges  ;  it  has  no  effect  on  tlie  triple 
phmphate.  A  phosphate  of  calcium  (CaHP04  + aHgO)  may 
occAsionally  be  deposited  in  acid  urine.  Pus  in  urine  is  apt  to 
be  .mistaken  for  phosphates,  but  can  be  diatinguiBhed  by  the 
oiioroscope. 
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Deposit  of  calcium  carbonate,  CaCOs,  appears  but  nrelj  u 

whitish  balls  or  bi^otiit-ahaped  bodies.  It  ib  comcuODer  it  thi 
urine  of  herbivorfu  It  dis^jolveB  in  a«:€tic  or  hydfX>ch]one  td4, 
with  effervescence. 

The  follo\ving  is  a  summary  of  tho  chemical  aedimcntB  thit 
may  occur  in  urine  :— 

CHEMICAJ^   SEDIMENTS   IS    DKIKE. 


In  ActD  UnTNa 

C/rtc  Arid. — WhetfitoDe^  durab- 
bell,  or  shciif'Hke  agi^gations  of 
crystals  deeply  tiugt?*!  hy  pigtneut. 

Urateg.  —  Oenerally  amorpbooH. 
The  acid  urate  of  g<KUum  and  of 
ammonium  nmy  sometimes  ociciir  in 
star-shaped  t^luHtprt*  of  ncodloi  or 
spheroidal  clan)  lis  with  pmjectin^ 
spines.  Tingdl  britk-red.  Mable 
on  warming. 

Ca  Iri  M  m  Oj^h  ht  fe. — Oc  tahedra,  so- 
called  envelojif  crjs»£als*  Insoluble 
in  acetic  acirl. 

Cygtin. — Hoxngotiiil  platt'S,    Rara, 

Leucine  and  T ijroxhr. --^Bat^. 

Oalcivm  PJitijtffh/it^, 

CrilU'Oi  +  2Hi,0.— Rare. 


Phmph^tfj'jt. — Calc  i  um  phosphut^ 
Cao(PO|)4.     Autoqihoiu^ 

Trhilc  phaaplialeT 
MrNH  J'04  +  6H,0.      Coffln*lidt  or 
ftathery  sUrs, 

Calcium  hjdrogen  pbosplnl^ 
CaHPO^.  Hf^H^,  apberulo,  « 
dumb-bell-*.  * 

Magne?kmm  nhosphataf 
Mga(t'04)^  +  23H»0.     Long  phVek 

AU  sellable  in  acetic  acid  vnthort 
efferTe.<4Cence. 

Biscuit -shaped  CTjstaU.  SolaUe  it 
acetic  acid  with  effervescence. 

AfftmitjiiMiii  Crate^  • 

C4HaCNH4>s.KiOa.  — "  Thom^ppk* 
aphemlea. 

LriiPine  and  Tjft-miii*. — Very  xuL 


Pathological  Urink 

Under  this  head  we  shall  briefly  consider  only  those  abaormil 
constituents  which  are  iHost  frequently  met  with, 
'  Proteidfl,— There  is  no  proteid  matter  in  normal  urtDe,*  md 
the  most  common  cause  of  the  appcaraace  of  albumin  in  tbfi 
urine  is  disease  of  the  kidney  (Bright's  disease).  The  teim 
"  albumin "  is  the  one  iisod  by  clinical  observefB,  Propeiij 
speaking,  it  is  a  mixture  of  serum  albumin  and  serum  globulin. 
The  best  methods  of  testing  for  and  eatiniatmg  the  albumin  uv 
the  following  : — 

{a)  Boil  the  top  of  a  long  column  of  urine  in  a  test-tube.  If  the  urine  is 
acid,  the  albumin  is  coagulated.  If  the  quantity  of  albumin  is  small,  the 
cloudiness  pnxiuceil  is  readily  seen,  as  the  unlioilcd  urine  below  it  is  clear. 
This  is  insoluble  in  a  few  drops  of  acetic  acid,  and  so  may  be  distinguished 
from  phosphates.  If  the  urine  is  alkaline,  it  should  be  first  rendered  acid 
with  a  little  dilute  acetic  acid. 


*  This  absolute  statement  is  true  for  all  practical  purposes.  MdmeTf 
however,  has  recently  stateii  that  a  trace  of  proteid  matter  (c^rum  albumin 
filtu  the  proteid  constituent  of  mucin)  does  occur  in  normal  urine  ;  but  the 
tiracte  is  negligenble.  many  hundreds  of  litres  of  urine  having  to  be  used  to 
obiain  an  appreciable  quautit j . 


ALBUMIN    IN    UBINE. 
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ff>//##^*ji  jViftif^m*id  Ttjit. — Pour  some  of  the  unne  gently  on  tx>  tlie 
^  of  9Ajme  nitric  add  in  a  Ua^t^tobe,  A  ring  of  white  precipit»te  oC'Cura 
j unction  of  the  two  liquids.    Tbjs  test  is  need  lor  small  quantities  of 

^tlmafiftn  af  Albumin  h^  Mfbtwk't  AibttmiuBmeter,  —  Ei^boch's 
t  for  precipitnting:  the  albumin  i*  made  by  dfsiolriiig  to  ^mmmes  of 
Bcid  El  (id  2Q  grmmmea  of  citric  acid  In  Soo  or  900  c.c.  of  boiling  water 
en  Addiiiof  suffioieiit  water  to  make  up  to  a  litre  (1000  e.c). 
filbiimiijfinieter  iii  a  toj^t-tnbe  gradtMtcii  a«  sbown  in  fig,  426. 
f  the  urine  into  tbe  tulMi  up  to  the  mark  U  ;  then  the  i^eagcnt  up  to 
irk  R,  Close  the  tube  with  a  cork,  and  to  ensure  complete  mixture, 
to  atif]  fro  a  tlos^n  times  without  shaking.  Allow  the  corked  tulto  to 
ft|mjfht  twenty-four  b*^tirs  ;  then  read  off  on  the  scale  the  height  of 
l^lum.  Th(!  tiguren  imlicatc  gmmmefi  of  dried  albumin  in  a  htre  of 
The  percentage  is  obtain&i  by  dividing  bj  to,  Tbu8,  if  thecoagulum 
at  jt  the  ftmouDt  of  albumin  is  3  giftrornes  per  litre,  or  o'j  gr,  in 
i  If  the  sediment  falls  >jetwecn  any  two  figures,  the  iliatance  J,  J^  or 
I  tbe  upper  or  lower  figure  can  be  read  off  with  iftufHoicnt  accuracy. 
the  ffurface  of  the  sediment  tjeiniif  midway  Ijctween  5  and  4  wonlt)  be 
I  35,  When  the  albumin  Is  so  abundant  that  the  sediment  is  above 
»pe  accurate  reautt  1?*  obtained  by  first  diluting  the  urine  with  one  or 
llunies  of  water,  and  then  nmltiplying  the  n^fttilting  figure  by  2  or  ji 
eaie  may  be.  If  the  amount  of  albumin  is  less  than  0*5  per  cent.f  it 
I  be  acenrately  estimated  by  this  method. 


I 


cxindition  called  *^popttmuna,"  or  peptone  in  the  urine, 
red  in  ccrtniti  pathological  stilus, 
in  disaaecB  where  there  is  ti  forma- 
and  particnlarlj  if  tbe  pua  ii 
owing  to  tlie  action  of  a  bac- 
growth  called  ataphylococcnm ;  one  of  the 
(cts  of  ditt  in  teg  ration  of  pua  cells  appeiirs 
\  peptone  ;  and  this  leaves  the  body  hy 
irine.  The  term  ^*  |;eptunc,"  however^ 
les  the  *'  proteosea.^'  Indeed,  in  inotjt, 
t  all,  cases  of  so-called  puptotmria,  true 
tie  is  absent  In  the  dise^^e  chilled  "  oateo- 
Jia  "  a  proteose  is  also  UfiUnUy  found  in  the 


gar. — Normal  urine  contains  no  Bug»r^ 
>  little  that  for  clinical  puqwisefi  it  niay 
fisidered  abnent  It  occuit*  in  the  disease 
[  diabetes  mcHitua,  wliieli  can  be  artitii-ially 
teed  by  puncture  of  the  medulla  oblotigata, 
extirpation  of  the  pancreas.  The  diJieasc 
occurs  in  man  umy  be  due  to  dissordered 
xjliitn  of  the  liver,  to  disease  of  the  piuicreas,  and  to  other 
illy  understood  causes  (see  p.  496). 

t*  sugar  present  is  dextrose.     Lactouo  may  occur  in  the  urine 
rsing  mothers.     Diabetic  urine  also  contains  hydroxy  butyric 
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acid,  and  nmy  <K)Dtaiii  or  yield  on  diBtillation  acetone,  ftod  eth^V 
diacetic  ackl.  The  methods  usually  adopted  for  deteetitig  aj^d 
estimating  the  sugar  arc  as  follows  : — 

(a)  The  urine  has  generally  a  high  specific  gravity. 

(^3  '^h^  presetice  of  Hugikr  is  alLown  by  the  reduction  (jcUow  ptodpitiit  I 
of  cuprous  oxide)  th&i  occurs  on  holling  with  FehUng^i^  solntiou.  Fehluiii  I 
solution  is  an  aikaliae  solution  of  copper  sulphate  to  which  Bocbdk  mk  1 
has  been  added.  The  Roche  Lie  salt  (double  tartrate  of  potash  ami  loh}  ] 
holds  the  cupric  hydrate  in  solution,  Fehling's  solatioa  dboald  alvnyi^ 
freshly  prepared,  aa,  on  Rt^intliugT  raeemic  acid  is  formed  from  the  UrUrt 
acid,  and  thin  substance  it«elf  re<luccs  the  cupric  to  cuprona  oxide.  FeMiafi  I 
solution  shoulft  therefore^  always  he  tested  by  boiling  before  it  la  uied*  U  I 
it  remains  clc^r  on  boiling,  it  in  in  gtxMl  condition.  * 

(p)  Pirrii'  Acid  Ttxt. — The  work  of  Sir  Getirge  Johnsoa  and  Q.  S.  Johji.*:ffld 
has  shown  the  Taluc  of  this  reagent  in  detect inf?-  both  albumin  and  h\i}p.i  ia 
the  urine.    The  same  reagent  may  be  employeii  for  the  detection  oJ  Vpii^ 
subBtances.    The  method  of  tcstinif  for  albumin  has  been  already  stu.l  lv 
with  Esbach  ;*  tube.     To  tcsit  for  sugar  do  the  ftvUowing  experiment.    \A^ 
a  drachm  (about  4  c,cO  of  diabetic  urine ;  add  tjo  it  un  equal  Tolamr  *A 
saturated  atjneous  Bolution  of  picric  acid,  and  half  the  volume  (i-^.,  s  C-C,)o( 
the  liquor  i>i>Ui^  of  the  Britisk  Pharmacopoeia.    Boil  the  mijctm^  for  -Ah  v 
a  minute,  and  it  becomes  po  intensely  dark  r*?d  as  to  be  opaque,    ^\^v 
the  same  ex^>criment  with    nomml   urine*     An  orange-Ji3d  colour  k\^y 
even  in  the  <'oltJ,  and  in  deepened  by  boilings  but  it  never  become^?  oj .:. 
and  i>o  the  urine  ff*r  clinical  purposes  may  be  considered  free  from  ^licw. 
This  reduction  of  picric  acid  by  normal  urine  is  dne  to  creatinine  {mk\ 
p.  541).    The  reaction  tlcseribed  may  be  used  for  quantitative  poqsosei^ ' 
means  of  Sir  UiHirgL*  Johna^n'a  picro-mceharometer, 

(d')  Qy-antitaiirt'  Drti'^min^fam  nf  Sugttr  in  t/rfa^.^Febling's  solutki 
is  pr^ared  fw  folio ww  ; — 34  639  grammes  of  copper  sulphate  are  distt)lTed  li 
about.  200  c.c.  of  dif^tiUeil  water  ;  1 73  ^rnmmtis  of  RocheUe  salt  are  diMoh«i 
in  600  c.C'Of  a  14  per  cent,  solution  of  catmUc  »oda.  The  two  eolutkmitii 
mixed  and  dihiiol  to  a  litre.  Ten  c.c.  of  thia  solution  are  equtvaleiit to 
0*05  grammes  of  dextrorse*  Dilute  10  c.c.  of  this  i^lution  with  about  40  cjCi 
of  water,  and  boil  it  in  a  Hask.  Kun  into  this  from  a  burette  the  urine 
(which  shoutii  t>e  previously  diluted  with  nine  tim^s  its  volume  of  distilled 
water)  until  the  blue  colour  of  the  copper  solution  disapjicars — that  is,  till iU 
the  cupric  hvdratt-  Ik  reduced.  The  mixture  in  the  fia«k  nhould  Ite  boiled ifla 
every  addit io r l  T h e  g  uan t  i ty  of  dilut ctl  u rin e  used  from  the  burette  coutuni 
0*05  gramm^.'  of  sugar,  (^-alculate  the  percentage  frora  thia,  remembering 
that  the  urirtL.-  Jia:*  been  dilute<l  to  ten  times  iti)  original  volume. 

It  is  somtruhat  difflmlt  for  the  ^inpractise^l  observer  to  determine  accu- 
rately the  exact  point  at  which  the  blue  disappears.  The  blue  coloui-,  if  an? 
remains,  will  he  seen  by  holding'  the  fla*^k  up  to  the  Ught,  Some  prefer  1 
white  porce1;Lm  Itns^in  instead  of  a  flask  ;  the  blue  can  then  be  seen  ag!»inA 
the  white  of  fhe  basin. 

Pavy's  m(Mlifieation  of  F'eh ling's  iiolution  Is  sometimes  used.  Here  un^ 
monia  hojds  the  (ro|i|>et'  in  !*olufton,  Dud  no  precijiitate  forms  on  boiling  with 
sugar,  as  ammonia  liolds  the  cuprous  oxide  in  solution.  The  reduction  ii 
complete  when  the  blue  colour  disappears  ;  10  c.c.  of  Pavy's  eolation  =  i  ex. 
of  Fehling-'s  Solution  =  0*005  giarames  of  dextrose. 

In  some  cases  of  diabetic  urine  where  there  is  excess  of  ammonio-magnesic 
phosphate,  the  full  reduction  is  not  obtained  with  FehHng's  solution,  and 
when  the  <iuantity  of  sugar  is  small  it  may  be  missed.  In  such  a  caae  exces 
of  soda  or  potash  should  U'  first  added,  the  precipitated  phosphates  filteral 
off,  and  the  filtrate  after  it  has  been  well  boiled  may  then  be  titrated  with 
JB'chUng's  solution. 
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FcLlinifg  test  is  not  absolutely  trufltworthj*  Often  a  normat  urme  will 
?t^loriec  Fehliti^s  solution^  though  seldom  a  red  precipitate  ia  formed, 
riii«  h  due  to  exeefl$  of  iimt^  und  cfentiniiie,  Atiottter  fttib^tance  called 
tl^enrauic  add  (C^HnjQ^)  is,  boweveT*  very  likely  to  be  confuMid  wjth  sugar 
r  Fcbling's  tc^  ;  the  catt^  of  its  appeamnce  h  sometimes  the  atlminii^trAtion 
djiigs  (chlorftl,  CATziphor,  &c.) ;  but  sometimes  it  appears  independently 
'  ^  B|f  tre£it£Qent,  Tbe  caiiae  f>i  this  ia  not  known,  bat  the  oomLUbn  bius 
be  iierioua  meaning  one  attaches  to  iliabetes  ;  henee,  for  life  assuiwice 
it  is  most  necessary  to  con^rm   the  presence  of  sugar  by  other 

Tiien,  too,  in  the  rare  csondition  cialled  ulcaptonuriaj  oonfusfon  m£y  Bimilarly 

Akftptcm  is  a  substance  which  prob»bIy  originates  from  tyroaine  by 

wmeiial  form  ol  metabolism.    It  gives  the  arine  a  brown  tint^  which 

t  on  exposure  to  the  air.     It  is  an  aromatic  substance,  and  Ihe  rt^cent 

etches  of  Ban  ma  on  and  Wi>Ik*;}W  huve  identified  it  with  homogcntimnfc 

M  (C«H8.COH)aCHB,C00H). 

if}  The  best  confinnatoiy  test  for  sngHF  ia  the  ftnrm^nt^tkm  iesit  which  is 
erformeil  as  folio  W8  : — 
Half  611  a  test  tube  with  the  urine  and  add  a  little  German  yeast.  Filt 
up  the  tube  with  rtiercur>^  s  invert  it  in  a  basin  of  mercury,  and  leart  it  in  a 
warm  place  for  twenty-four  hours*  The  STigar  will  umlergo  fermentation  : 
earbonic  ac(d  gas  aecumnlntes  in  the  tube,  and  the  liquid  no  longier  gives  the 
tOBt«  for  sufar,  or  only  faintly^  but  ^ivef^  thoi^  for  alcohol  imttead.  A 
control  eipcrinjent  Hbould  be  maile  with  ytast  and  water  in  another  test* 
tube,  a»  a  ^mail  yield  of  carbonic  acid  is  sometimes  obtained  from  impurities 
I  in  the  yeast. 

{/}  The  ^hrn^lhffdfaiim  test  (p,  377)  may  abo  be  applied. 

Bile. — This  occum  in  jaundiee.  The  urine  is  dark-brown, 
jDiahp  or  in  extreme  cmm  almost  black  in  colour.  The  most 
lily  appli<^  teat  m  (Tmelin^a  teat  for  the  bile  pigments. 
Pettenkofers  test  for  the  bile  acids  seldom  succeeds  in  untie 
if  the  test  is  done  in  the  oixiiimry  way.  The  best  method  ia  to 
worm  a  thm  film  of  urine  and  cane  sugar  solution  in  a  flat 
slain  dish.  Then  dip  a  glas^  rcxl  in  strong  sulphuric  acid, 
draw  it  across  the  film*  Its  track  is  marked  by  a  purplish 
me*  Excess  of  urobilin  should  not  be  mistaken  for  bile  pigment* 
Blood.^ — ^Wheu  lucmorrhage  occurs  in  any  part  of  the  urinary 
tract,  blood  appears  in  the  urine.  It  is  found  in  the  acute  stage 
of  Blight's  disease*  If  a  large  quantity  is  present,  the  urine  is 
deep  red-  Microscopic  examination  then  reveals  the  pretetice  of 
blood  corpuscles,  and  on  spectroscopic  eiamiuatioa  the  bands  of 
omyhjEtnoglobin  are  seen. 

If  only  a  stnall  quantity  of  blood  is  present,  the  secretion — 
especially  if  acid — hm  a  characteristic  reddish-brown  colour, 
which  physicians  term  ** smoky." 

The  blood  pigmetit  may,  under  certain  circumstanpes,  appear 
in  the  urine  without  the  presence  of  any  blood  corpuscles  at  all 
This  is  produced  by  a  disintegration  of  the  corpuscles  occurring 
iti  the  circulation,  and  the  most  frequent  cause  of  this  is  a  disiease 
ftUied  to  agu%  which  is  called  paraty^mal  hwrnoglobmuria.     The 


554  THK    SKIN.  [OH.xxxTm. 

pigment  is  in  the  condition  of  metheemoglobin  mixed  with  more 
or  less  ox  J  haemoglobin,  and  the  spectroscope  is  the  means  oaed 
for  identifying  these  substances. 

Pus  occurs  in  the  urine  as  the  result  of  suppuration  in  any 
part  of  the  urinary  tract.  It  forms  a  white  sediment  resemhling 
that  of  phosphates,  and,  indeed,  is  always  mixed  with  phosphates. 
The  pus  corpuscles  may,  however,  be  seen  with  the  microscope; 
their  nuclei  are  rendered  evident  by  treatment  with  i  per  cent 
acetic  acid,  and  the  pus  corpuscles  are  seen  to  resemble  white 
blood  corpuscles,  which,  in  fact,  they  are  in  origin. 

Some  of  the  proteid  constituents  of  the  pus  cells — and  the 
same  is  true  for  blood — pass  into  solution  in  the  urine,  so  that 
the  urine  pipetted  off  from  the  surface  of  the  deposit  gives  the 
tests  for  albumin. 

On  the  addition  of  liquor  potassfie  to  the  deposit  of  pus  cells,  a 
ropy  gelatinous  mass  is  obtained.  This  is  distinctive.  Mucus 
treated  in  the  same  way  is  dissolved. 


CHAPTER  XXXVIII. 

THE   SKIN. 

Thb  skin  is  composed  of  two  parts,  fpidermis^  or  cuticle^  and 
demits,  or  cutis  vera.  In  connection  with  the  skin  we  shall  also 
have  to  consider  the  nails,  the  hairs  with  their  sebaceous  glands, 
and  the  sweat  glands. 

The  Epidermis  is  composed  of  a  large  number  of  layers  of 
cells  :  it  is  a  very  thick  stratified  epithelium.  The  deeper  layers 
Are  protoplasmic,  and  form  the  reU  mttcosum,  or  Malpighian  Inyer; 
the  surface  layers  are  hard  and  homy ;  this  homy  layer  is  the 
thickest  part  of  the  epidermis,  and  is  specially  thick  on  the  palms 
and  soles,  where  it  is  subjected  to  most  friction.  The  cells  of  the 
deepest  layers  of  the  Malpighian  layer  are  columnar  in  shape; 
the  layers  next  to  these  are  composed  of  polyhedral  cells,  which 
become  flatter  as  they  approach  the  homy  layers.  Between 
these  cells  are  fine  intercellular  passages,  bridged  across  by  fine 
protoi)lasmic  processes,  which  pass  from  cell  to  cell ;  the  channels 
between  the  cells  serve  for  the  passage  of  lymph.  It  is  in  the 
cells  of  the  Malpighian  layer  that  pigment  granules  are  deposited 
in  the  coloured  races. 

Between  the  homy  layer  and    the  Malpighian  layer  are  two 
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fi termed iate  fitmta,  in  which  the  trausformation  of  protoplasm 
ito  hornj  material  (k^alin)  m  taking  place.  In  the  first  of 
]ie^— thnt  m,  the  one  next  to  the  Malpighiao  lavefj  the  c^Us 
flatteued,  and  filled  with  largo  grannies  of  elttdin,  an  inter- 
iiate  subHtauci^  in  the  formation  of  hom.  Thin  Inyer  is  caUiKl 
'  Mimtum  gramdosum. 
Above  this  are  several  layers  of  clear,  more  rounded  celK 
Ibich  ennatitute  the  stratum  lueidum ;  and  above  this  the  homy 


aj.— Vcrtifal  Hictiiqa  of  tliecpidefiiLis  of  the  prtpuoi^.    «»  «ti%tiiiD  comeom.  of  Tery 

^  Iff^m,  tlje  itnttum  Incidmm  und  Htmtum  >fi*nMlwurij  not  bfinff  dl-itiiiotly  wpte* 

\fd\  A^  e^  if,  K&d  i!,  the  IttXijf^  of  thi:  stratum  MAlpiifrhii,  a  c^rtuin  niuDbi']- of  the 

Tlgdllfli  in  Iav^tb  ti  and  i^  nhrivliiff  Aikpui  tA  Megmentatiou ;  it  c^nautd  obit^y  of  ptickle 

oellff ;  St  mU  in  fUti*  vFm.    t^*d»t*) 
I',-  *     , 

14yer  jtruper,  many  atmfui  deep,  bcgiiu§.     The  cells  beccnne  more 
ami-  more  Bcaly  a»  they  appnmch  the  surface,  where  tliey  lose 
thi&iraxiielei  and  eveutually  liecoDie  detached, 
Lc  /  Tlioe|3idennia  gmwa  l>y  a  mnltipUoiition  of  the  dee|ieat  layer 
cells  (tig,  427,  t)i    the  newly-formed  cells  pu&h  towards  the 
thoie  previously  formed^  in  their  progrcBss  undergoing  the 
loimiiLtion  into  keratin, 
'The  epidermic  has  no  Vjlood- vessels ;  uerve-fihrila  pass  into  ita 
deepest  layetM,  and  mniify  between  the  cells. 
i^  The  Bermis  \a  composed  of  dense  tibrons  tismie,  which  becomes 


over  these,  nnd  lu  the  jmln 
and  soles j  where  the  pttpilJ«I 
are  largest  and  are  diBpaM?dl 
ill  rows,  their  presence  141 
iiidicntcd  by  the  well-kriOwii| 
ridges  oti  the  stuface. 

The  pa|>illft3  contain  loops  of  i^pil-^ 

laries,   and  in  some  cases,   especially 

in  the  palm  of  the  hand  and  fingers, 

'        they  con  til  in  tactile  corpuscles  (whicii 

'^"•if''ft';K,S'S":U'S';    ^m  •«?  tnoi-e  M\y  dm-ribed  in  cmncc 

SiVb!^;,'atd,Si.?5r:!;   «««  ^^^  ^'^  sense  of  touch).    SpecuU^ 

fcTr^'ftt-jfiftud.  D.  siiiMijtMtiQua   capilWy  networks  are  distrihnted 

fjtt.  E.  FundiD*  of  hnii-'fplljdts      .*  *  ,        ,  *  t       j 

with  biuT.pBpiiiii.  (Klein J        the    aweiit^glauds,    sebaceotiB    glattd 
and  hair  follicles. 

The  deeper  portiona  of  the  dornns  in  the  scrotum,  p^ti%  \ 
nipple,  eontahi  Invuhmtarj'  nnisuular  tissue;  tliere  is  also  a  b^tsdlf 
of  miiai'ular  tissae  attablied  Co  ea^-^h  hair  folhcle. 

The  Nails  iire  thkkeiatx^  ol  tU^^  %ua.Uxm  lacidura,     Eichl 
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lies  in  a  depression  called  the  be^l  of  the  nail,  the  poRterior  (lart 
pf  which  11*  overlapijed  by  epiclcnnis,  und  called  the  nml~tjrriov€. 
The  demHs  beiietilh  m  besot  with  lonjzitudiuftl  rid^'ea  iiisti?ml  of 
|mpi)lE£  ;  these  arc  veiy  VAscalar  ;  but  in  the  tanultty  the  crescent 
Ht  the  baae  of  the  iwiil,  there  arc  jkHpiUie,  and  this  part  is  not  so 


:.  4«j|L-^6utt4J>?  Hit  a  wbitd  hjir.  m/M^iSed  ]6i»  dlkmet^rt.    Ttie  mvy  linm  tamrk  Ihfl 
r  0r  trvt «%»  of  the  corticml  Kalra.    B^  iepftnti^d  hcaIw,  ma^niwd  J5d  dJaiEieten. 


The  HairB  are  epidermal  growths,  oontaiiied  in  pits  called  hair 

\UicltM.     The  part  within  the  follicle  is  called  ^erml  of  the  hair. 

The  main  fiubitance  of   the  hair  b   compoaed   of   pigmented 

aj  fibrotis  znaterial,  in  reality  long  fibril kted    eella.     It  is 


(jiff  ^'-f 


^9>  4^^'— l^^^tudiUftl  ivvtf^  df  «  h«lT  f<j<Uidp.  a  «nd  h,  external  root-ibeitli ;  c^  fntenud 
rootrflhefttti ;  Ji  fll>Kitui  layer  of  the  hiir ;  p.  meJull* ;  /,  !i*ir  paplU*  j  f ,  bliiod-vHweia 
of  thehur>pftpilU;  A^  dftrraiQCiJiir    {Cftdiiit.] 

ooTered  bj  a  lajer  of  icalee  imbricated  upwards  (hmr  eutkh). 
In  many  haira  the  centre  is  occupied  by  a  fneduila^  formed  of 
n^unded    cells  containing   eleidin  granules.     Minute  air-bnbbleR 
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may  he  pmseat  in  both  tnediiUa  and  fibrous  layer,  and  catuc  tik 

hair  to  Irwlc  white  by  reflected  light.     The  grey  hair  of  oM  tge, 
however^  is  prcKiiiced  by  a  los^i  of  pigment. 

The  root  is  enlarged  at  its  extremity  into  &  kno6^  lato  wluct 
projects  a  vascular  papilla  from  the  true  skills 

The  liair  follicle  coTisists  of  two  pirts,  one  continuous  with  tfat  I 
epidermis,  called  the  raot-sheathf  tl»e  other  continucni«  with  iht 


:J^J&m 


-i^.'fcV^ 


Fit*  4p<^Tr»ziOTBiM  aeotkm  of  a  bair  uuA  liair-follide  mvde  heUtm  tlie  opeoitti  «f  tto  1 
aumoBKroM  gljind.  «,  meduIU  or  tilth  of  the  huh ;  b^  fibrofui  lajer ;  e*  iiutidi ;  <  1 
Htukr'i  lAfW ;  A,  Hinile'9  Utbt  off  mterrtftl  TrxH-^bf^Ui ;  /  mni&  f,  lufiiEn  of  tia^tissd  J 
nxH^bwtlif  oiitnlde  of  j?  Is  fbe  tHumneiit  m^mbmcie  or  hyaline  mjrri  h,  dooHj 
{Abrotts)  a»t  of  haif  foUJcJe;  i,  rtms^.    (CadiftL)  ' 

dermis,  called   the   dermic   cfnit.     The  two  are  separated   bj 
basement  membrane  called  the  hyaline  la^er  of  the  follicle,     Tbt 
root^sheath  consists  of  an  outer  kyer  of  cells  like  the  MalpigbiaTi 
layer  of  the  epidermis,  with  which  it  is  diroetly  continuous  (owfsr- 
rmt~^h^ath\  and   of   an    inner   horny  layer   {inner   rool^miJA^ 
continuous  with  the  horny  layer  of  the  epidermic.     The  in 
root-sheath  cousieta  of   three  layers,  the  outermost   being  c 
posed    of   long,  non-nucleated  cells  {Henlrs  Ifif/tr)^  the  neit 
squarish  nucleated  cells  (Hiwlfpjf  Ifijf^r)^  and  the  third  is  a  rutia 
of  scales,  imbricated  downwards,  which  fit  over  the  soalea  of  ib 
cuticle  of  the  hair  iUelf, 

A  small  bundle  of  plain  muscular  fibres  m  attached   to  ea«b  ] 
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ollJcl^  {fig,  428).  When  it  contractB,  m  under  the  influence  of 
Of  of  certain  emotionii  such  as  fear,  the  hair  is  erected  nnd  the 

FhoLa  akiij  is  roughened  (**got>se  skin").  The  nerves  supplying 
^  mUBuleti  lire  called  pilo-motor  nerves.     The  distribution  of 

iiese  tiorvea  oloaely  follows  tljo»e  of  the  Yaso-constrictor  nerves 

©f  the  skin  ;  their  coll  stations  are  in  the  lateral  sjuipathetic  chain. 
Tb©  sebaceous  glands  (figs.  428  and  432)  are  small  saccnlar 


Ftf ,  US'— Sebawotu  grljmd  from  bttmui  ildn.    (Kkin  «itd  Koblt  SmIthO 


gland  a  J  with  ducta  opening  into  the  upper  portion  of  the  hair 
follicles*  The  secreting  cells  become  charged  with  fatty  matter, 
^bieh  is  discharge*!  into  the  lumen  of  the  saccnlesj  owing  to 
the  disintegration  of  the  cells.  The  secretion^  seb^tm^  contains 
isocholesterin  (Bee  p.  492)  in  addition  to  fatty  matter.  It  acta 
as  a  lubricant  to  the  hairs. 

Th©  sweat-glands  are  almndant  over  the  whole  human  akin, 
btit  are  most  numerous  where  hsiirs  are  absent,  on  the  palms  and 
«olea.  Each  consiati*  of  a  coiled  tube  in  the  deepest  part  of 
the  dermis ;  the  duct  from  which  passes  up  through  the  dermis, 
and  by  a  corkscrew-like  canal  through  the  epidermis  to  the 
iurface. 
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The  secreting  tube  is  lined  by  one  or  two  layers  of  cubical  or 
columnar  cells ;  outside  this  is  a  layer  of  longitudinally  arranged 
muscular  fibres,  and  then  a  basement-membrane. 

The  duct  is  of  similar  structure,  except  that  there  in  uaiially 
but  one  layer  of  cubical  cells,  and  muscular  fibres  are  absent- 


^'  433.— Tenninal  ttibulee  of  sudoxiferorui  or  eweat-fllaiids,  cat  in  Tariona  dinetioM 
from  the  skin  of  the  pig's  ear.    (V.  D.  Har^i. ) 

the  passage  thr6ugh  the  epidermis  has  no  p^per  wall ;  it  ig 
merely  a  channel  excavated  between  the  epidermal  cells. 

The  ceruminouB  glands  of  the  ear  are  modified  sweat-glands. 


Thb  Functions  of  the  Skin< 

Protection.— The  i^in  acte  as  a  protective  prgan,  not  only  by 
mechanically  covering  and  so  defending  internal  structures  from 
external  violence,  but  more  particularly  in  virtue  of  its  being  an 
organ  of  sensation  (see  later  in  the  chapter  on  Touch). 

Heat  Begulation. — See  Chapter  XL. 

Bespiration. — A  small  amount  of  respiratory  interchMige  of 
gases  occurs  through  the  skin,  but  in  thick-skinned  animals  this 
is  very  small.  In  man,  the  carbonic  acid  exhaled  by  the  skin  is 
t^^t  -YTu  to  ^^o  of  that  which  passes  from  the  lungs.  But  in 
thin-skinned  animals,  like  frogs,  cutaneous  respiration  is  very 
important;  after  the  removal  of  the  lungs  of  a  frog,  the 
Irespiratory  interchange  through  the  skin  is  sufficient  to  keep  the 
animal  alive,  the  amount  of  carbonic  acid  formed  being  about 
half  as  much  as  when  the  lungs  are  present  (Bischofl). 

Absorption. — This  also  is  an  unimportant  function ;  but  the 
skin  will  in  a  small  measure  absorb  oily  materials  placed  in  contact 
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^vitli  it;  thus  in  some  cases  infants  who  will  not  take  cod-liver 
oil  by  the  mouth,  can  yet  be  dosed  with  it  by  rubbing  it  into  the 
skii3.  Many  ointments  also  are  absorbed,  and  thus  general  effects 
prxxiuced  by  local  inunction. 

Secretion. — The  secretions  of  the  skin  are  two  in  mmiber. 
"^^l^^  sebum  is  the  natural  lubricant  of  the  hairs.  The  sweat  is  an 
^^cjx-etion.  The  secretion  of  sweat  is  an  important  function  of 
^'^^^   skin,  and  we  will  therefore  discuss  it  at  greater  length. 


The  Sweat. 

X^hysiology  of  the  Secretion  of  Sweat. — We  have  seen  that 

^*^o  sweat-glands  are  most  abimdant  in  man  on  the  palms  and 

^^^-os,   and    here    the   greatest   amount   of    pei-spiration    occurs. 

**ifierent  animals  vary  a  good  deal  in  the  amount  of  sweat  they 

^oiiete,  and  in  the  place  where  the  secretion  is  most  abundant. 

^uu8  the  ox  perspires  less  than  the  horse  and  •sheep  ;  perspiration 

^^  absent  from  rats,  rabbits,  and  goats ;  pigs  perspire  mostly  on 

^e  snout ;  dogs  and  cats  on  the  pads  of  the  feet. 

As  long  as  the  secretion  is  small  in  amount,  it  is  evaporated 
from  the  surface  at  once ;  this  is  called  insensible  perspiration, 
Ag  soon  as  the  secretion  is  increased  or  evaporation  prevented, 
drops  appear  on  the  surface  of  the  skin.  This  is  known  as 
setuible  perspiration.  The  relation  of  these  two  varies  with  the 
temperature  of  the  air,  the  drier  and  hotter  the  air,  the  greater 
being  the  proportion  of  insensible  to  sensible  perspiration.  In 
round  numbers  the  total  amount  of  sweat  secreted  by  a  man  is 
two  poimds  in  the  twenty-four  hours. 

The  amount  of  secretion  is  influenced  by  the  vaso-motor 
nerves;  an  increase  in  the  size  of  the  skin-vessels  leads  to 
increased,  a  constriction  of  the  vessels  to  diminished,  perspirar 
tion.  There  are  also  special  secretory  fibres,  stimulation  of 
which  causes  a  secretion  even  when  the  circulation  is  suspended, 
as  in  a  recently  amputated  limb.  These  fibres  are  paralysed 
by  atropine.  They  are  contained  in  the  same  nerve-trunks  as 
the  vaso-motor  nerves,  as  are  also  the  nerve-fibres  which  supply 
the  plain  muscular  fibres  of  the  sweat-glands  which  act  during  the 
expulsion  of  the  secretion.  The  secretory  nerves  for  the  lower 
limbs  issue  from  the  spinal  cord  by  the  last  two  or  three  dorsal 
and  first  two  or  four  lumbar  nerves  (in  the  cat) ;  they  have  cell 
stations  in  the  lower  ganglia  of  the  lateral  chain,  and  pass  to  the 
abdominal  sympathetic  and  thence  to  the  sciatic  nerve.  They 
are  controlled  by  a  centre  in  the  upper  lumbar  region  of  the  cord  ; 
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those  for  the  upper  limbs  leave  the  cord  by  the  sixth,  serentli,  iod 
eighth  anterior  thoracic  roots,  have  cell  stations  in  the  gaaglioi 
stellatum  and  ultimately  pass  to  the  ulnar  and  median  oenm^ 
they  are  oou trolled  by  a  centre  in  the  cervical  enlargement  of  the 
cord.  The  secretory  fibres  for  the  head  pa^  in  the  cerricd 
sympathetic,  and  in  some  branches  of  the  fifth  crania]  nerrat 
These  subsidiary  centres  are  dominated  by  one  in  the  medqlk 
oblongata  (Adamkiewtez).  These  facts  have  been  obtained  tj 
experiments  on  animals  (cat,  horse). 

The  sweat-centres  may  be  eicited  directly  by  venous  bloody  u 
in  asphyxia  ;  or  by  over-heated  blood  (over  45^  C.) ;  or  by  certeb 
drugs  (see  further) ;  or  reflexly  by  stimulation  of  afferent  oerm 
such'  as  the  t: rural  and  peroneal . 

Nervous  diseases  arc  often  accompanied  with  disordered  swe^ 
ing;  thus  unilateral  perspiration  is  seen  in  some  casei  rf^ 
hemiplegia  ;  tlegeneration  of  the  anterior  nerve-cells  of  the  wrj , 
may  cause  stoiipage  of  the  secretion.  It  is  sometimes  increwad 
in  paralysed  Ihuba.    ' 

The  changes  that  occur  in  the  secreting  cells  have  hm 
investigated  by  Rcnaut  in  the  horse.  When  charged  they  a»1 
clear  and  swollen,  the  nucleus  being  situated  near  their  attached' 
ends ;  when  discharged  they  are  smaller,  granular,  and  thai 
nucleus  is  more  central. 

The  sweat,  like  the  urine,  must  be  regarded  as  an  eicredon, 
the  secreting  cells  eliminating  substances  formed  elsewhere. 

Composition  of  the  Sweat, — Sweat  may  be  obtained  k 
abundant  quantities  by  placing  the  animal  or  man  in  a  closed 
hot-air  bath,  or  from  a  limb  by  enclosing  it  in  a  vessel  made  m- 
tight  with  an  elastic  bandage.  Thus  obtained  it  is  mixed  witli 
epidermal  scales  and  a  small  quantity  of  fatty  matter  from  the 
sebaceous  glands.  The  contiunal  shedding  of  epidermal  scales  ii 
in  reality  an  excretion.  Keratin^  of  which  they  are  chieflj 
composed,  is  rich  in  sulphur,  and,  consecjuently,  this  is  one  m^BM 
by  which  sulphur  is  removed  from  the  body. 

The  reat.^tion  of  sweat  is  acid,  and  the  acidity,  as  in  the  urine^  it 
due  to  acid  sodium  phosphate.  In  profuse  sweating,  however, 
the  secretion  usually  becomes  alkaline  or  neutral.  It  has  & 
peculiar  and  characteristic  odour,  which  varies  in  different  parts 
of  the  body,  and  is  due  to  volatile  fatty  acids ;  its  taste  is  saltish, 
its  specific  gravity  about  1005. 

In  round  numbers  the  percentage  of  solids  is  1*2,  of  which  o*& 
is  inorganic  matter.  The  following  table  is  a  compilation  from 
several  analyses : — 
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The  salu  are  in  kind  and  relative  quantity  very  like  those  of 

tbe  urine.     Funke  was  unable  to  Hnd  any  urea,  but  m<;tit  other 

observers  agree  on  the  preeenco  of  a  minute  quantity.     It  appears 

■  to  baconie  quickly  tratis formed  into  ammonium  carbonate.     The 

oteid  which  h  present^  is  prolmblj  deprived  from  the  epithelial 

ells  of  the  epidermis  J  sweat-glands,  and  sebaceous  glands,  which 

suspended  in  the  eiccretioii ;  hut  in  the  hor^e  there  is  albumin- 

laetually  iti  solution  in  the  sweat. 

Abnormal,  XJnuBual,  or  Pathological  Conditioiis  of  the 

[Sweat,— />r«/7^. — Certahi    dnigs   {Budorifics)    favour   sweating, 

If, 5?.  pdcwjarpine^  Calabar  bean,  strychnine,  pierotoxine,  mnaeanne, 

Inieotine,   camphor^   ammonia.      Others   diniinish    the   secretioti, 

f,^.  atropine  and  morphine  in  large  doses. 

Large    quantities   of    water,    by    raising    the   blood-pressure, 
liacrease  the  perspiration- 
Some  subst^mces   introduced   into  the   body  reappear  in   the 
piweat,  f.^,  benzoic,  tartaric,  and  sticcinic  acids  readily,  quinine 
and   ifxiine   with    more   difficulty.     Compounds  of  arsenic   and 
mercury  behave  similarly- 

Diieiuei. — Cystin  haa  been  found  in  some  cases  of  cy  a  tin  una  ; 
dextrose  in  diabetic  patients;  bile-pigment  in  those  with  jaundice 
(as  evidenced  by  the  staining  of  the  clothes)  j  indigo  in  a  peculiar 
condition  known  as  ehromidroBia  ;  blood  or  hiematin  derivar 
tives  in  red  sweat ;  albumin  in  the  sweat  of  acute  rheumatism, 
which  is  often  very  acid  ■  urates  and  calcium  oxalate  in  gout ; 
lactic  acid  in  pnerpei-al  fever,  ami  occasionally  in  rickets  and 
scrofula. 

Kidnti/  Ducmes. — The  relation  of  the  secretion  of  the  skin  to  that 
of  the  kidneys  is  a  very  close  one.  Thus  copious  secretions  of  urine, 
or  watery  evacuations  from  the  alimentary  canal,  coincide  with  dry- 
ness of  the  skin  ;  abundant  perspiration  and  scanty  urine  generally 
go  together.  In  the  condition  knuvvn  as  itrcemm  (see  p.  535),  when 
the  kidneys  secrete  little  or  no  urine,  tbe  percentage  of  urea  rises 
in  the  sweat ;  the  sputum  aud  the  saliva  also  contain  turea  under 
thoae  circumatances.     The  clear  indication  for  the  physician  in 
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such  cases  is  to  stimulate  the  skin  to  action  by  hot-«ir  bathi  and 
pilocarpine,  and  the  alimentary  canal  by  means  of  purgpLtiTe& 
In  some  of  these  cases  the  skin  secretes  urea  so  abundantly  that 
when  the  sweat  dries  on  the  body,  the  patient  is  covered  with  a 
coating  of  urea  crystals. 

Varnishing  the  Skin. — By  covering  the  skin  of  such  an  animal 

as  a  rabbit  with   an   impermeable  varnish,  the   temperatxure  « 

reduced,  a  peculiar  train  of  symptoms  set  up,  and  ultimately  the 

animal  dies.     If,  however,  cooling  be  prevented  by  keeping  audi 

an  animal  in  warm  cotton-wool,  it  lives  longer.      Varnishing  the 

luman  skin  does  not  seem  to  be  dangerous.     Many  explanation! 

[lave  been  offered  to  explain  the  peculiar  condition  observed  in 

animals  ;  retention  of  the  sweat  would  hardly  do  it ;  the  blood  ii 

I     -.      ^^    not  found  post  mortem  to  contain  any  abnormal  substance,  nor  s 

\    •>L>^    it  poisonous  when  transfused  into  another  animal.     Cutaneow 

^  ^y^  respiration  is  so  slight  in  mammals  that  stoppage  of  this  functkn 

L^    cannot  be  supposed  to  cause  death.     The  animal,  in  fact,  dies  of 

V  ^^     cold ;  the  normal  function  of  the  skin  in  regulating  temperature 

^     '      is  interfered  with,  and  it  is  animals  with  delicate  skins  which  are 

^  Y      niost  readily  affected. 


^^ 


CHAPTER    XXXIX. 

GENERAL  METABOLISM. 

T|ja^:prd  metqbplisni  has  been  often  employed  in  the  preceding 
chapters,  and,  as  tlierc  explained,  it  is  \ised  to  oxjUSias^thesiyn 
total  of  the  chemical  exchanges  that  occur  in  living  tisaufi&  The 
chemical  changes  have  been  considered  separately  under  the 
headings  Alimentation,  Excretion,  Respiration,  &c.  We  have  now 
to  put  our  knowledge  together,  and  consider  these  subjects  in 
their  relation  to  one  another. 

VThe  living  body  is  always  giving  off  by  the  limgs,  kidneys,  and 
in  the  products  of  its  combustion,  and  is  thus  always  tending 
to  lose  weight.  This  loss  is  compensated  for  by  the  intake  of 
food  and  of  oxjgen.  For  the  material  it  loses,  it  receives  in 
exchange  fresh  substances.  If,  as  in  a  normal  adult,  the  income 
is  exactly  equal  to  the  expenditure,  the  body-weight  remaina 
constant.     If,  as   in  a  growing  child,  the  income  exceeds  the 
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expenditure,  the  body  gains  weight;  and  if,  as  in  febrile 
conditions,  or  during  starvation,  the  expenditure  exceeds  the 
incpme,  the  body  wastes. 

fThe  first  act  in  the  many  steps  which  constitute  nutrition  is  I 
the  taking  of  food,  the  next  digestion  of  that  food,  the  third  j 
absorption,   and  the  fourth    assimilationN    In    connection  with  * 
these  subjects,  it  is  important  to  note  the  necessity  for  a  mixed 
diet,   and  the  relative  and  absolute  quantities  of  the  various 
proximate  principles  which  are  most  advantageous.  ^Assimilation  I 
is  a  subject  which  is  exceedingly  difficult  to  describe ;  it  is  the  | 
act  of  the  living  tissues  in  selecting,  appropriating,  and  making  * 
part  of  themselves  the  substances  brought  to  them  by  the  nutrient 
blood-stream  from  the  limgs  on  the  one  hand,  and  the  alimentary  t 
canal  on  the  other)  The  chemical  processes  involved  in  some  of ' 
these  transactions  have  been  already  dwelt  on  in  connection  with 
the  functions  of  the  liver  and  other  secreting  organs,  but  even 
there  our  information  on  the  subject  is  limited ;  much  more  is 
this  the  case  in  connection  with  other  tissues,    tt^ssimilation,  or 
the  building  up  of   the  living  tissues,   may,   to   use  GaskelFs 
expression,  be  spoken  of  as  anabolic^ 

\  Supposing  the  body  to  remain  in  the  condition  produced  by 
tnese  anabolic  processes,  what  is  its  composition  ?  A  glance 
tiurough  the  chapters  on  the  cell,  the  blood,  the  tissues,  and  the 
organs  will  convince  the  inquirer  that  different  parts  of  the  body 
have  very  different  compositions ;  still,  speaking  of  the  body  as  a 
whole,  Volckmann  and  Bischoff  state  that  it  contains  64  per  cent, 
of  water,  16  of  proteids  (including  gelatin),  14  of  fat,  5  of  salt, 
and  I  of  carbohydrates.  The  carbohydrates  are  thus  the 
smallest  constituent  of  the  body ;  they  are  the  glycogen  of  the 
liver  and  muscles,  and  small  quantities  of  dextrose  in  various 
parts. 

r  rthe  most  important,  because  the  most  abundant  of  the  tissues  \ 
0^  the  body,  is  the  muscular  tissue.     Muscle  forms  about  42  per  i 
cent,  of  the  body-weight,*  and  contains,  in  round  numbers,  75  " 
per  cent,  of  water  and  2 1  per  cent,  of  proteids ;  thus  about  half 
the  proteid  material  and  of  the  water  of  the  body  exist  in  its 
musclei^ 

The  oody,  however,  does  not  remain  in  this  stable  condition ; 
even  while  nutrition  is  occurring,  destructive  changes  are  taking 
place  simultaneously ;  each  cell  may  be  considered  to  be  in  a 


*  The  following  is  in  round  numbers  the  percentage  proportion  of  the 
different  structural  elements  of  the  body  :  skeleton,  16 ;  muscles,  42 ;  fat, 
18  ;  yiscera,  9 ;  skin,  8  ;  brain,  2 ;  blood,  5. 
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I  state  of  unstable  eqiiilibriiini,^dergoing  anaholic^  or  ocmstnictiTe 
I  processes,  on  thp  one  hand,  and  destructive,  or  katabolic^  proceoes 
j  on  the  other.)  [The  katabolic  series  of  phenomena  commenoes  with 
,  combustion  f  the  union  of  oxygen  with  carbon  to  fonn  carbonic 
»  acid,  with  hydrogen  to  form  water,  with  nitrogen,  carbon,  and 
,  hydrogen    to    form   urea,   uric  acid,   creatinine,    and    other  lev 
important  substances  of  the  same  nature.     The  formation  of  these 
\,    last-mentioned  substances,  t\}^  qitrogpnnna  mpt^hnlj^ea^  is,  how- 
i   ever,  as  previously  pointed  out,  partly  synthetical.     The  discharge 
!    of  tliese  products  of  destructive  metabolism  by  the  expired  air, 
.    the  urine,  the  sweat,  and  fa)ces  is  what  constitutes  excretion;  eicre- 
.  tion  is  the  final  act  in  the  metabolic  round,  and  t]2e  compositioD 
•j^of  the  various  excretions  has  already  been  considered 
• '      An  examination  of  the  intake  (food  and  oxjgeif)  and  of  the 
output  (excretion)  of  the  body  can  be  readily  made ;  much  more 
readily,  it  need  liardly  bo  said,  than  an  examination  of  the  inter- 
mediate steps  in  the  process.    A  contrast  between  the  two  can  be 
made  by  means  of  a  balance-sheet.     A  familiar  comparison  may 
be  drawn  between  the  affairs  of  the  animal  body  and  those  of  a 
commercial  company.     At   the   end  of   the  year   the    companj 
presents  a  report  in  which  its  income  and  its  expenditure  are 
contrasted  on  two  sides  of  a  balance-sheet.      This  sheet  is  a 
summary  of  the  monetary  affairs  of  the  undertaking ;  it  gives  few 
details,  it  gives  none  of  the  intermediate  steps  of  the  manner  in 
which  the  property  has  l)een  employed.     This  is  given  in  the 
preliminary  parts  of  the  report,  or  may  be  entered  into  by  still 
further  examining  the  books  of  the  company. 

In  the  parts  of  this  lxx)k  that  precede  this  chapter  I  haxe 
endeavoured  to  give  an  account  of  various  transactions  that 
occur  in  the  body.  I  now  propose  to  present  a  balance-sheet. 
Those  who  wish  still  fnrthef  to  investigate  the  affairs  of  the 
body  may  do  so  by  the  careful  study  of  works  on  physiology; 
still,  text-books  and  monographs,  however  good,  will  teach  one 
only  a  small  amount ;  the  rest  is  to  be  learnt  by  practical 
study  and  research  ;  and  we  may  compare  physiologists  to  the 
accountants  of  a  commercial  enterprise,  who  examine  into  the 
details  of  its  working.  Sometimes,  in  business  undertakings,  a 
deficit  or  some  other  error  is  discovered,  and  it  may  be  that  the 
source  of  the  mistake  is  only  found  after  careful  search.  Under 
these  conditions,  the  accountants  should  be  compared  to 
I  physicians^  who  discover  Jhat  something"  is  wrong  in  the  workig^g 
I  of  the  animal  body  ;  and  their  object  should  be  to  di&SyfeX  where, 
\fiL.the  jugtabolic  cyy^f-  thp  miatAkft  has  occurred^  and  subsequent 
•■Meavotir  to  rectify  it,  '""  — ' 


I 
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The  copgti^fiynn  nf  hi|1jtiifirf*-ftiiftft^ji  for  the  faupmii  and  auimal 
[Vdy   nmY_be  Bammed  up  jut  jEe'  Gernm^.  'w<^_  ^^Jlw^S^J^M. 
^ty^i *i  TW^ML-Mtaimami. ' '     A  large  nTimber  of  investigators  have 
SipjjliLHl   themitjlvea  to  this  task,  and   from    the   large    ina^s   of 
[material  published,  it    is  onlj-  possible    to  select  a  few  typical 
eiivoipleg.     The  subject  baa  been  worked  out  specially  hj  the 
limieh  school,  under  the  lead  of  Pettetikofer  and  Voit. 
The  riceessarj  data  for  tiie  construction  of  sueh  tables  are : — 
(i)  The  weight  of   the  animal  before,  during,  and  after  the 
experiment. 

(2)  The  quantity  and  composition  of  its  food. 

(3)  The  amount  of  oxygen  absorbed  during  respiration, 

(4)  The  quantity  and  eompositiou  of  urine,  fiBces,  sweaty  and 
expired  air, 

(5)  The  amount  of  work  done,  and  the  amount  of  heat 
Jereloped,  (The  subject  of  animal  heiit  will  be  (jousidered  in  the 
next  chapter.) 

Wat^*    is   determined    by  subtracting  the  amount  of   water 
[mgested  as  food  from  the  quantity  lost  by  bowels,  urine,  lungs, 
nd  skin.     The   difference   is   a   mettgure  of  the  katabolism  of 
hydrogen* 

di^itroijen. — The  jiitrogen  in  derived  from  proteids  and  albunii-   ' 

[l^mr8_  chiefly  in  the  urine  as  nrea  and  nric  aekl* 
lute  quantities  are  eliminated  aa  similar  compounds  in  sweat 
fiecea.  From  the  amount  of  nitrogen  m  found,  the  amount 
proteids  which  have  undergone  katabolism  is  calculated,  i 
*  Proteids  contain,  roughly ^  f  6  per  cent,  of  nitrogen  ;  so  i  [mrt  of  I 
nitrogen  is  equivalent  to  6 '3  parts  of  proteid ;  or  i  gramme  of 
litrtigen  to  30  grammes  of  flesh. 

FtU  tiful  cffr^j%t/m(^.— Subtract  the  carbon  in  the  metabolised 
aid  (proteid  contains^4  per  cent,  of  carbon)  from  the  total 
on  eliminated  bjnuiJgs7s1un7"WffelB,  and  kidneys,  and  the 
lifference  repreeenta  fat  and  carbohydrate  that  have  undergone 
aetabolism* 


The  Discharge  of  Carbon. 

The  influence  of  food  on  the  rate  of  discharge  of  carljonic  acid 

|1»  immediate.     The  increase  after  each  me^d,  which  may  aniount 

to  20  per  cent.,  reaches  its  maximuui  in  about  one  or  two  hours. 

This  effect  is  most  marked  when   the  diet   consists   largely  of 

carbohydrates. 

About  95  per  cent,  of  the  carbon  discharged  leaves  tkeorgamsm 
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as  carbonic  acid.  The  total  insetiBible  loM  ( =  carbonic  add  4- 
water  giveu  oflT-  oxygen  absorbed)  aDioiint«  io  tnan  to  aboat  ij 
grammcB  per  hour.  Of  the  total  hourly  diecKarge  of  cu^mie 
acid,  loss  than  0-5  per  c-ent.  is  cutaueoius.  The  hourly  diBcbuie 
of  carbon ic  acid  io  a  man  at  rest  is  about  32  grammesj  tW 
weight  of  oxygen  abEiorbed  being  35  to  2S  grammes  in  the  uo^ 
time.  The  hourly  dkcharge  of  watery  vapour  i&  about  14 
grammes. 

As  a  volume  of  carbonic  acid  (CO3)  contains  the  same  weight  of 
oxygen  as  an  equal  volume  of  oxygen  (Oj),  it  ia  obvious  that,  if 
all  the  absorbed  oxygen  were  dischat^ed   as  carbonic  acidj  tk 

CO3  expired 
"respiratory^  quotieut'*  (by  volume)  =  ^    h«o  bed  ^^^"^  ^  ^^ 

to  I.  This,  however,  is  not  the  case,  the  volume  of  oxjgq 
absorbed  being  in  excess  of  the  carbonic  acid  discharged,  h 
animals  fed  exclusively  on  carbohydrates  (this  would  onlv  be 
possible  for  a  short  tio^e)  equality  is  approached.  The  excess  df 
oxygen  is  greatest  when  the  diet  constats  largely  of  fats. 

On  ft  mixed  diet,  com  prising  100  grammes  of  proteid,  100  rf 
fat,  and  250  of  carbohydrates,  with  a  carbonic  acid  diftchaiTge  of 
770  gnimmes  daily,  and  a  daily  assumption  of  666  gramtntt  rf 
oxygen,  560  grammes  of  the  oxygen  are  dischaz^ed  iu  the  carlKmue 
acid,  alx>yt  9  in  urea,  and  97  grammes  in  the  form  of  water  {rf 
which  jB  grammes  are  formed  from  the  hydrogen  of  the  fit); 
the  respimtory  quotient  is  then  0-84.  In  hibernation  tbt 
respiraion*  quotient  sinks  lower  than  in  any  other  known  cm- 
dition  (often  less  than  0^5),  for  the  animal  then  lives  almoii 
entirely  on  its  own  fat.  The  discharge  of  carbonic  acid  ii 
incrciised  by  mui^ular  work,  and  the  respiratory  quotient  also 
rises.  Dim  inm  ioti  of  th  e  si  inoundin^  tempera  t  ure  causes  in  creased 
discharce  of  i-arhonic  acid.  (These  points  are  all  discussed  noon 
fully  in  Chapter  XXIV.) 

The  Discharge  of  Kltrogeo. 

In    man    the   minimum   daily   allowance   of   nitrogen   is   15 
gnunmes.  or  0*02  per  cent,  of  the  body- weight ;  in  the  camiTon 
about  0*1  per  cent.  :  in  the  ox^  as  an  instance  of  a  herbivorous 
I   animal,  0*005  P^*"  <^°^     In  certain  races  of  mankind  (e.g,  cogji^ 
I   Uie  oiUygcn  rw^nirement  is  less  than  in  Eurogeans.     The  resaoQ 


I  wbv  this  la  aojs  not  understood. 
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recent  experiments  by  Hirschfeld  have  shown  that  for  t 
nitrogenous  equUibiium  can  be   maintained  on  t 
Mij    voipglj    cA    TiaAxfs^eii  tlmi  \^   ^jcammea.    Bat 
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^  rimenta  extended  over  a  longer  time  have  shown  that  sooper 
or  Inter  the  body  begine  to  wast^j  if  the  15  gnimmea  dailj;  are 
norti'ujjphetl  in  tTlffOM,  ^'       "^ ""-  ^ 

lii  flIA  Ahi^al  led'eJfliiJSively  on  fleahj  the  discharge  of  nitrogen 
At  fir^t  increases  pari  pmsu  with  the  abaorption  of  proteid,  the 
Absorption  of  oxygen  being  proportionately  int^r eased  at  the  same 
time.  The  animal,  howeverj  gains  weight  from  increase  of  fat, 
the  proteid  being  split  into  what  is  called  a  nitrogenous  moiety, 
which  is  burnt  offi  and  a  non-Ditrogenous  moiety  which  is  converted 
into  fat. 

The  discharge  of  nitrogen  is  not  immediately  or  markedly 
influenced  by  muacular  work  {see  p.  536)  ;  the  increased^  com- 
bu&Jion^JJiat  nrcui-s  in  wnrkiiu-^  n^  m^nnitreil  with  reatliig  muscles 
&U6  chiefly  >  m  1  1 1 :  •  1 !  5 1  ■  ■  i .  1  r  '  ■  utuents. 


Balance  of  Income  and  Bischarge  in  Health. 


In  Chapter  XXVIIL  tables  are  given  of  adequate  diets;  these 
II  in  our  halatice-sheets  represent  the  source  of  income;   the 
lier  side  of  the  balance-sheet,  the  expenditure,  consists  of  the 
Cxeretions. 


G^EOKAKOf:  OF  MATEBIAL  ok  AK  AUEQUATl  DlBT 
(Rwike'fl  table).* 


Dteid  .  loogr. 
'  Fat  , 100  „ 

Carbohy- 
drates, 250   „ 


ICitfci0<m.«    CftftMtu 


00  », 

o-o   „ 


93^0  " 
225-0  „ 


m^ogieii.,     CizbiD^ 


Urea      .  Ji'Sgr.  \ 

Vncadd  0-5  „  f  ^^ 

F^ces        .        ,  I*! 

Respirfltion{COj  o'o 


616 
1084 

20S'00 


i 


In  man  the  discharge   of  nitrogen    per  kilo,  of  body-weight 
o'ji    gramme,   and    of   carbon   3  03   gmmmes,   the  quotient 


-'  s  14*5,     In  eivmivorouB  animals,  which,  according  to  Bidder 


r^ 


*  The  above  table  was  coastructcd  from  data  derived  from  the  observation 
of  Prof.  E*iiike  on  himself.     Though  made  many  yewB  mgo,  Hanke's  tables 
~\  serve  ag  typical  and  Btandard  examples  of  inetabohc  l»Iance^eetB>. 
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and  Schmidt,  use  14  N  and  6^2  C  per  kilo-  per  diem,  ^  =  4*^. 

C 

In  the  human  being  on  a  flesh  diet  ^  =  5*2  ;  the  exchai^ge  tiiin 

approaches  the  condition  of  the  camivora.     This  iB  ilhi3trmt«d  br 
the  following  balance-sheet  (Raiike)  : — 


Iii«jthoh 

Expmditun. 

—                        1  NitPQg'QDi 

2796 

45-9 
325-5 

1  Di^hiiiTred       bv 
excretion 
Retained  instorre 

NtoogHL      Clrtflt^i 

Food  .        .        .    62*3  gr. 
Disintegration 
of  tissues     .     .      — 

62-j 

J2ST>  1 

The  details  of  the  above  experiment  may  be  gifen  as  illw 
trating  the  method  of  working  out  a  problem  in  ei change  of 
material:  1833  grammes  of  meat  iiBed  aa  food  yielded  3*4  pet 
cent,  of  nitrogen,  i.e.  62^3  gr.,  and  tz^^  per  cent,  of  carbon,  u 
229*3  ^^'  y  7^  ^^-  ^^  ^*^^  added  to  the  food  yielded  72  per  centd 
carbon,  i.e.  50-3  gr,  :  229-3 +  50-3  =  279*6  =  total  *^rboD  b 
food.  During  the  same  penod  86-3  gr.  of  urea  were  discharge^ 
containing  46-6  per  cent,,  i,f.  40-4  gr,  of  nitrogen,  and  ao  per 
cent.,  i.e.  17-3  gr.  of  carbon,  to  which  must  be  added  2  gr.  of 
uric  acid,  containing  33  per  cent.,  t.*f.  0*66  gr.  of  nitrogen,  and 
35  per  cent.,  t.e.  07  gr.  of  carbon.  Further,  2-9  gr.  of  nitrpgen 
and  14  gr.  of  carbon  were  discharged  in  the  faeces,  and  231  gr. 
of  carbon  as  cartK>nic  acid  in  the  expired  air.  Hence  the  tottl 
discharge  of  nitrogen  — 40  ■4  +  0-66  + 3-9  =  44  gr.,  and  the  totd 
discharge  of  carbon  =17  3 +  07  +  14  +  23 1  =  2 6 3  gr.  Deducting 
the  quantity  of  uitrcsgen  discharged  from  that  taken  in,  iS"3  gr. 
must  have  been  retained  in  the  body,  as  108  gr,  of  proteid,  and 
consequently  53  per  cent,  of  that  weight  =  62*5  gr.  of  carboa 
were  also  retained.  Comparing  the  quantity  of  carbon  disposed 
of  in  the  twenty-four  hours  with  the  quantity  introduced  as  food, 
we  find  the  latter  is  in  excess  by  45*9  gr,,  which  must  have  beeo 
derived  from  the  disintegration  of  the  fat  of  the  l>ody. 

Another  table  of  exchange  of  material  on  adetpiate  diet  miy 
be  quoted  from  the  work  of  Pettenkofer  and  Voit.  This  talws 
into  acoount  the  elimination  of  water  aa  well  as  of  t^rboa  and 
lutrogeiL    In  the  ^t  c;xpeT\meicLV.  \K<^  n^soi  dSd  wi  %'Qrk. 
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Xnoome.                            1 

i 

Etzpmdituie. 

Food. 

Ourbon. 

Excre- 
tions. 

Nitrogen. 

Carbon. 

Water. 

otcid.    137  gr. 

t        .    117   V 
rbohy- 

Irate.    352   „ 
Iter   .2016  „ 

1    19-5 

315-5 

Urine   . 

Fteces  . 

Expired 

air    . 

I7'4 

2*1 
19-5 

127 

145 

2486 
2758 

828 
2190 

Jere  the  body  was  in  nitrogenous  equilibrium,  and  it  elimi- 
ed  more  water  than  it  took  in  by  174  grammes,  this  being 
ived  from  oxidation  of  hydrogen.  It  stored  39*7  grammes  of 
X)n,  which  is  equivalent  to  5  2  grammes  of  fat. 
lie  next  table  gives  the  results  of  an  experiment  on  the  same 
1  on  the  same  diet,  but  who  did  active  muscular  work  during 
day: — 

Eznmditnze.  Nitrogen.  Carbon.  Water. 

Urine 17*4  12-6  1194 

Feces 2*1  14*5  94 

Expired  air  ...        —  3092  1412 

19-5  3363  2700 

t  is  important  to  notice  that  the  discharge  of  nitrogen  was 
kltered  while  that  of  both  carbon  and  hydrogen  was  increased. 

Inanition  or  Starvation. 

rhe  income  from  without  is,  under  these  circumstances,  nil ; 
lenditure  still  goes  on,  as  a  result  of  the  disintegration  of  the 
nies;  the  amount  of  disintegration  is  measured  by  the  dis- 
ffges  in  the  manner  already  described.  The  following  table 
m  Ranke's  experiment  on  himself  represents  the  exchange  for 
«riod  of  twenty-four  hours,  twenty-four  hours  having  elapsed 
ce  the  last  meal. 


Disintegiation  of  tissue. 


roteid.   50    gr. 
It      .199-6   „ 


Nitrogen.     Carbon. 


7-8 

O'O 


26*5 
'57-5 

184*0 


Expenditnre. 


Nitrogen.     Carbon.  ! 


Urea       .  17 
Uric  acid  0*2 
Respiration  (CO,) 


':■} 


7-8 


7-8 


34 
i8o-6 

184*0 
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The  disolmrge  of  nitrogen  per  kilo,  of  bodj -weight  wag  reduced 
to  o'l,   ^  being    2y^.     In   (mmlTorous  animals,    in    prolonged 

C 

inanition,  the  discharge  of  nitrogen  per  kilo,  is  o'9  and  i^  *  6^6. 

During  at-arvation  the  man  or  animal  gradually  loeee  weiglit; 
the  temperature,  after  a  preliminary  rise,  sinks ;  the  ftiBctknn 
get  weaker  by  degree^  and  ultimately  de^ith  cnsuefi,  the  XM. 
weight  lost  being  from  o"3  to  05  of  the  original  body- weight 

The  age  of  tiie  animal  influences  the  time  at  which  d«al& 
occurs,  old  aninialii  withstanding  the  eiTects  of  hunger  better  tbu 
joung  onea.  This  statement  waa  origimvyy  madje  hj  ^j^qctS^ 
and  waslbonic  out  by  the  experiments  of  Sfartiguy  and  (JEoSt 
Young  animals  lose  weight  more  quickly,  and  die  after  a  gmalW 
loss  of  weight,  than  old  onea. 

The  excietion  of  nitrogen  falls  quickly  at  the  commeQcenieiit 
of  an  experiment ;  it  reaches  a  minimum  which  remains  conatnU 
for  several  days  ;  it  then  rises  when  the  fat  of  the  animal  hu 
been  used  up,  and  then  quickly  falls  with  the  onset  of  fiymptotot 
of  approacliing  death. 

The  sulphates  and  phosphates  in  the  urine  show  approiiinatdf 
the  same  series  of  changes. 

The  discimrge  of  carbonic  acid  and  the  intake  of  oxjgetJk  fall, 
but  not  so  quickly  as  the  body  loses  weight ;  it  is  not  until  qaite 
the  last  st-'iges  that  these  are  small  in  proportion  to  one  another. 

The  faecea  become  smaller  and  smaller  in  quantity  until  m 
discharge  from  the  rectum  occurs  at  all 

The  amount  of  bile  secreted  also  falls ;  but  bile  la  found  m 
the  gall-bl tedder  and  intestine  after  death. 

Taking  the  total  loss  of  weight  a^  1 00,  the  loss  due  to  that  d 
individual  organs  may  be  stated  b&  follows  (Voit)  ;■ — 


Bone 

-       5"4 

Pancreflfl 

0*1    Brain  and  cord 

,      <fi 

Muscle 

.    .    422 

Lung!^ 

.      0-3    Skin  and  hair  . 

Zl 

Liver    . 

.       4-S 

Heart   . 

00    Fftt 

.    361 

Kidneys  . 

.     .      06 

Testes      , 

o*r    Blood 

'      37 

Spleen  . 

,      06 

Int(>stine 

2-0   Other  paita  . 

'      51* 

Some  organs  thus  lose  but  little  weight ;  the  loss  of  weight 
is  greatest  in  the  muscles,  fat,  skin,  liver,  and  blood.  Of  the 
muscles,  the  great  pectoral  muscles  waste  ygggt.  Death  may  be 
delayed  somewhat  by  artfftcial*^warmth,  but  ultimately  oocun 
from  asthenia,  sometimes  accompanied  by  convulsions. 
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Tht?  reaionsi  why  a  mixeti  diet  is  neetisaary  have  been  already  explained 
p.  XXV 11 1)*     NiimeTfui^  oatperiments,  bftye^  however*  been  made  in  the 
of  tneta holism  on  abnormal  iliets. 

din^  with  fHjpat. — ^As  the  chief  solid  in  ta^it  m  jirotcid^  one  mtint  take 
"  Uio  much  nilrxig^ii  or  too  Little  carbou.  The  prfneiple  that  underlies 
iig's  ni*^thod  of  treating  obt^sitj  is  to  give  meat  almost  esdusively  ;  the 
dtiftl  then  deriTes  the  additional  isupply  of  cnrlxjii  nece^ary  lor  com- 
5n  fmui  his  own  adipose  tissue.  We  hflv^alreiidy  seen  that  tbiM  may 
aad  often  ia  eouotei-aeted  by  the  laying  on  of  fat  which  com^  from  tht^ 
Dn-nitrogenoufj  moiety  of  the  pttitcid. 

rfij^  with  fat . — If  an  animal  receives  fat  only,  the  niti^genoiiii  exereta 

erived   from  the  disintegration  of  tii^aue  without  auy  eorreaponding  ^ 

y  of  nitrogen  being  snijplied  in  exchange  in  the  fttotl.     When  fat  only 

iren,  or  a  large  excess  of  fat  t^xist^  in  the  food*  the  respiratory  quotient 

F.  Hofmann  led  a  dog  on  a  mixture  <yt  a  large  amount  of  fat  and  a 

._J  amount  of  proteid.     After  death  tht*  quantity  of  fat  found  in  the  body 

t  such  that  onlj  a  ^mall  part'  could  hnve  bct^n  tlerivDd  from  the  proteid, 

grciiter  amount  being  directly  deriveti  from  the  fat  of  the  food.    The 

malf  moreover^  hijs  on  fiit  in  which   palmitin,  stearin,  and  olein  are 

aixed  in  a  definite  pro|>ortion  ;  thiti  pro{K>nion  iti  often  different  in  the  fat 

the  fiMrtL     In  adilition  to  thi&  an  animal  will  fattt^n  (laying  on  fat  with 

I  ttgiml  composition)  on  fatty  iood^  fsuch  as  spermaceti,  which  contains  do 

■ides. 

ding  with  farhnhyflmte*. — The  r«a>piratory  quotient  approaches  umty^ 
ben  curliobydnites  alone  art*  taken.    So  fwr  m  regards  nitrogen  the  aniraan 
.  a  state  of  i  nan  it  ion ,  as  when  fat  alone  is  taken.     If  ^ven  Jn  combina- 
wilh  otherfoodsj  both  ^irMhjdrates  and  fat  act  aa  "profeuT-sparm^ 


kin) 


following  table  is  from  rettenkofer  ant!  Voit,  and  iHnstrat^  what 
aa  in  a  dog  on  a  mixeil  diet  of  tiesb  and  carbohydrates. 


Food. 


i  I 


a5« 


179 
37t 


lit 


C!b«Ei]feii  in  tiit  bodr* 


If 

M 

lO 

1 

6 

14 
4 

Id 


"ill  ^^ 

ill I  III 


lit 

510 


—111 

-  n 

-  30 

+  •s 


uo 

J4* 
107 

«?» 

m 

0 


fw. 


I 


•8 

1  !  !l 


il 


W 


+10 

1 

■_^ 

^*S 

1  +6 

+  6    ; 

^      1 

1        " 

" 

—  S4 


5 


U 


Even  when  the  diet  consists  wholly  of  carbohy*! rates,  fat  is  laid  on  t  the 
fat  laid  on  when  meat  and  siareh  are  both  present  in  the  food  come*  partly 
from  the  proteid  and  partJy  from  the  car bohyc irate  of  the  food.     When  no_- 
pnrbohydmt'e  is  given  at  all,  ati  in  the  laat  ^tjjeriment,  the  jojtrogenona 
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vnf^tsLhnWftm   is.  ^^et]-    Cftrbohjdrnte  food  is  thus  when  g|^ea  with  «he 
foods  boih  tat-spanng  flBir^roterS-^s|JSrHlgr"''Ttie   frirflliillM  Uf  fM^!ffl|^ 
I^TBohjdratcF^  was  ^rat  observed  in  [ngs  \y  L^wgs  and  Gilbert,  and  luu  liooe 
been  confirm i,^l  by  numerous  invest igm to ra* 

One  of  the  most  important  inBUuicea  of  the  carbohjiir&t^  origin  ot  fii  ii 
the  formation  of  bees*- wax. 

Instances  of  the  fomiation  of  fat  from  pnoteidB  are  (i)  the  tajin^^^of 
fat  in  camivortJus  auimal'i ;  (a)  the  fonnation  of  adipocere,  a  wax*like 
material  which  forms  in  the  muselee  of  eorj>se»  baried  in  d&mp  eoil^  tt 
allowed  to  remain  in  water  ;  (3)  the  gradual Ij  increasing  qtiantity  of  (at  it 
old  cheeses. 

The  most  sirikiug  cjtamples  of  the  farm  at  ion  of  fat  by  intrftcdhlir 
metabolic  prot'csses  is  seen  in  fatty  degeucrationj  and  in  ttiAt  fpedal  Um. 
of  this  degerkeralion  that  occut^  Ui  the  formation  of  milk,  Tbe  blood  om- 
tains  a  mere  tmci^  nf  fat,  ko  milk  formation  is  no  mere  filtratioD  prooe& 
The  footl  msiy.  as  in  the  case  of  eows*^  contain  little  or  no  fat- 

Feeding  uifh  ffrhitift,—A  diet  containing  gelatin  alone  will  not  iappwl 
life.  This  fact  is  somewhat  remarkable  when  one  conMidere  the  chwelj  tbiM 
chemical  nature  of  gelatin  and  proteida.  A\'hen  fielatin  alone  is  givt-o  d? 
body  wastes*  ami  thy  urea  estcreted  ia  diminishcti  a^  in  inanition,  if  aa 
enormous  annniT)t  of  Kclatiu  is  giren  the  ure^  increases*  GelfttinT  how^Ttr, 
like  carbohytlraTew  and  (tit 8^  apjxairs  to  be  a  **  proteid-sparing"  foodi  uidif 
given  mixed  witli  proteidt*  i^eetns  to  protect  the  proteids  from  oxMitiaL 
Gelatin  can  thus  be  &ab!^titut<Hl  for  a  part  of  the  proteid  in  the  food. 

Feeding  with  '•  jfrjffoneit''—ln  the  present  day,  when  artificially  dif»Ui 
foods  arc  so  much  employed,  it  is  of  great  imi>ortance  that  their  nutritzic 
value  should  be  known.'  Here  experimental  and  clinical  evidenee  coincide 
in  a  most  favoumblu  way  in  relation  to  their  nutritive  value.  AlbumoMi 
and  the  prtrparationa  C4illed  peptone  in  commerce^  which  are  in  tal^ 
mainly  albiunoi«eH,  have  the  same  nutritive  Tolue  as  meat. 

Effect  of  Varrin.g'  ZztAmal  Gondltiona  on  Exehaii^  of  ^^*^yri,il 

f Effect  of  tiiu(ii$pht'fiv  tnnpetatarr.—lw  warm-blooded  animals  the  eiect 
o^a  low  suirnuuding  ttmperature  is  to  increaM?  kiitabolismT  or  combnftSa 
in  the  body  ;  the  body  losie.^  more  heat,  and  therefore  more  must  be  prodooei 
to  keep  the  ftninuil'a  temperature  within  Qormal  limits.  The  effect  of  a  rae 
of  atmospheric  temperature  is  the  reveraeN  In  cold-blooded  animak,  U^ 
Knimals  who^e  temperature  varies  with  that  "of  the  surronnding  AtmosAbot, 
a  rise  or  fall  of  thu  latter  is  aoootnjjanieii  respectively  with  a  rise  or  mU  d 
combustion  m  the  body*  Ptnibrey  has  sjhown  that  warm-blooded  anumb 
in  an  enibrynrnc  condition  are  practically  cohl- blooded ;  that  it,  their 
metabolism,  body  temperature,  and  the  external  temperattire  vary  iMiectl; 
the  one  with  tJie  otht^rs, 

Alteratiorfjt  of  hi(lij-temp^ratur\\ — If  the  changes  of  the  external  temperi- 
ture  are  so  ^rear  a^i  t^t  cause  a  rise  (as  iu  iiteam-batha)  or  a  fall  (««  ii 
hibernation)  of  body- temperature,  the  metabolic  changes  are  increased  and 
decreased  respectively  as  in  cold-blooded  animals. 

Effect  if  removal  if  hh)od  from  the  body. — The  chief  effect  of  a  removal 
of  blood  from  the  bo<ly  is  the  speedy  formation  of  new  blood-corpuscles. 
The  intake  of  oxygen  and  discharge  of  carbonic  acid  are  lessened,  and  the 
outi)ut  of  urea  is  increased.  The  menstrual  flow  and  epistaxis  in  strong, 
healthy  people  cause  no  alteration  in  exchange  of  material. 
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Ibcohange  of  Material  in  Diseaflea, 

Fetf^r, — Fever  is  a  condition  in  %hich  the  temperature  of  the 

lt»odj  is  raised  abo%^o  the  normal,  aud  the  degree  to  which  it  is 

itised  is  H  meft^^ure  of  tiie  intensity  of  the  febrile  condition.     A 

of  temperature  may  he  produced  either  hy  increased  produc- 

of  hcatf  due  to  the  increase  of  kataboHc  procesacs  hi  the 

f ,  or  to  a  diminished  kjss  of  heat  from  the  body;     A  mere 

in  the  production  of  heat  does  not  necesiiarily  produce 

ever.     By  administering  an  excess  of  foodi  combustion  is  incrmised 

the  body  i  but  in  the  healthy  individual  this  doea  not  produce 

rise  of  temperature,  because  pari  passu  with  the  increased  pro- 

luGtion,  tliere  is  increased  loss  of  heat.     Similarly,  diminution  in 

be  loss  of  heat,  such  as  occurs  ou  a  bot  as  compared  with  a  cold 

lay,  doe.'^   not   produce    fever,  because  the  production  of  heat 

b'ithin  the  liody  is  correspondingly  diminished.     In  fever  there  is 

I  increased  production  of  heat,  as  is  seen  by  the  study  of  exchange 

|©f   material  ;    the  intake  of  food    is^  aa  a  rule,  very  small ;  the 

liargo  of  nitrogen  and  carbon  results  from  the  dlBintegration 

tissues,  which,  as  compared  with  that  in  simple  inanition,  is 

^e  ;  the  tissues  are  said  to  be  in  a  iabile  condition,  that  is, 

bey  are  easily  broken  down.     In  moat  febrile  states,  the  skin  is 

y,  the  sweat-glands,  like  most  of  the  secreting  organs  of  the 

licidy,  being  comparatively  inactive,  and  so  the  discharge  of  heat 

lessened.     The  skin  may,  however,  sometimes  be  bathed  in 

spimtion,  and  yet  high  fever  be  present.     The  eBsentiiii  cause  I 

Jikh    ^     T       N    .     ■     neither   increiise3r"ToTmation    uor  i 

idii.  i^ut  an^ln^erferencc  with  the  ref!ex  1 

111,  which  ]\i  Ih-  illh  ijporates  so  as  to  equalise  the  two.        | 

nitro-\iious  tjictabolisni  in  fever  luiii  lieen  observed 

iu  pncumoniti,  in  pyaemia  and  in  other  febrile  conditions.     Ringer 

showed  the  corresp^ui deuce  in  temperature  and  output  of  nitrogen 

very  clearly  in  inttToiittent  fever  (ague). 

What  is  known  as  the  epi critical  increase  of  urai  is  the  greatly 
iticreaaed  secretion  of  urea  that  occurs  at  the  commencement 
of  the  defer\'escence  of  a  fever,  ft  is  probably  not  due  to  an 
increased  formation  of  urea,  but  to  the  removal  of  urea  which  liaa 
accumulated,  owing  to  the  fact  that  the  kidneys  have  been  acting 
sluggishly  during  the  height  of  the  fe^er. 

Increased  output  of  carbonic  acid  also  occurs  in  fever. 
Other  changes  noted  in   fever  are   a  rapid   loss  of  the  liver 
glycogen,   a  lessening  of  chlorides  in  the  urine,  and   often  an 
increase  of  the  urobilin  in  the  urine. 


576  QENEKAL    METABOLISM.  [Ol^nnt 

The  following  table  illusttutes  exchange  of  m&ten&l  m  f^^^ 
no  food  being  taken  : — 


Inooia&K 


^^**^S^i*"'^ '*      NitT^jgrn.     Carbon.  KjecrotloiB.  Nitregm,    Ct^^' 


Proteid,  1 20    gr.      iS^6     |     63'6        Urea    and    uiie 

Fat,        2057  gr.        o-o         157*4  add»       40  gr,       1S6  |j 


Respiration 
iS'6      I    zaiXf     1 1      (CO,),  7S0  gt. 


0*0  2ltJ   , 

186       niQ  ! 


This    table  should  be  compared  with  that  at  the  bottoiQ  d 

P-  571- 

Diahetes  mdiiHis.^Yw  addition  to  the  presence  of  augar  b  tk 
urine  in  thift  disease ^  the  most  marked  syniptoraa  are  ioteon 
thirst  and  raven  out*  imnger.  As  a  rule  diabetic  patienti  digeil 
their  food  well.  The  thirst  is  an  indication  of  the  necessity  rf 
replacing  the  large  tjuantitiea  of  water  lost  by  the  kidneys;  the 
hunger,  that  of  replacing  the  great  waste  of  tissue*  that  oooni 
For  not  only  does  the  urine  contain  sugar,  but,  in  additioD^i 
great  excess  of  urea  and  uric  acid.  The  carbonic  acid  output  ii 
somewhat  smaller  than  in  health.  In  health  the  carbohydrate 
after  assimjlatiouj  give  rise^  by  osidation,  to  carbonic  acid;  ii 
diabetes,  all  the  carboliydratea  do  not  undergo  this  change,  Iwt 
pass  as  sugar  into  the  urine.  Not  that  all  the  sugar  of  the  uitnt 
is  derived  from  carbohydrates,  for  many  diabetics  continue  to  piM 
large  quantities  when  all  carlwhydrate  food  is  withheld  ■  uodw 
these  circumstances,  it  nmst  be  derived  from  the  defttruction  rf 
proteid  matter  (see  also  pp.  496,  551). 

XjUxub    Consumption. 

In  former  portions  of  this  book  we  have  insisted  on  the  fad 
that  the  food  does  not  undergo  combustion,  or  katabolie  change^ 
imtil  after  it  is  assimilated,  that  is,  until  after  it  has  become  an 
integral  part  of  the  tissues.  Formerly  the  blood  was  supposed 
to  be  the  seat  of  oxidation  ;  but  the  reasons  why  this  view  is  not 
held  now  have  been  already  given.  When  a  student  is  first  con- 
fronted with  balance-sheets,  representing  metabolic  exchanges,  it 
is  at  first  a  little  difficult  for  him  to  grasp  the  fact,  that  although 
the  amount  of   nitrogen  and  carbon  ingested  is  equal  to  the 
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■lit  of  the  same  elements  wbich  are  eliiuiiiated,  yet  tUe 
mated  carlHUi  and  hydrogen  are  not  derived  from  the  food 
it,  but  from  the  tissues  already  formed ;  the  food  becooies 
|ikted  and  takes  the  place  of  the  tita^uets  thu^  diMintegrated. 
|P  suppose  we  have  a  tube  open  at  l>oth  ends  aod  hJled  with 
t  of  marblea  ;  if  an  extra  ruarble  ia  pushed  in  at  one  end,  a 
pe  falls  oat  at  tlie  other  ;  if  two  niarble^  ar^  introduced 
id  of  ooe,  there  is  an  output  of  two  at  the  other  end ;  if 
len,  or  any  larger  number  be  substituted,  there  ii*  always  a 
Bpondiiig  exit  of  the  same  tj umber  at  the  other  end  of  the 
j^  This  very  ruugh  illuBtmtion  may  perha()s  aiisist  in  the 
yrehensiou  of  the  metiibolie  exelmngeis. 

iie  ditlieulty  just  alluded  to,  which  a  student  feel^  wa^  also 
b^  the  physiologists  who  first  studied  metabohsm  ;  and  Voit 
ijftted  a  theory,  of  which  the  following  is  the  gist :  All  prf> 
[taken  into  the  alimentary  canal  appears  to  alTect  protcid 
|bo!tsm  in  two  ways ;  on  the  one  hand,  it  e,^eitctt  vn\nd  dis- 

! [ration  of  protoids,  giving  rise  to  an  immediate  ini:rease  of 
I  on  the  other  hand,  it  serves  to  nmiutairj  the  more  regular 
d  metabolism  continually  taking  place  in  the  btKly,  and  so 
butes  to  the  uonnal  regular diaeharge  of  tn-ea.  It  has  been, 
ore,  supposed  that  the  pr<:»teid  which  plays  the  iir^it  of  these 
jmrt^  is  not  reidly  built  up  into  the  tissueM,  does  not  become 
I  tissue,  but  undergoes  the  changes  that  give  rise  to  urea, 
where  outside  the  actual  living  substance.      The  proteids  are 

ibre  divided  into  "  tissue-proteida,'*  which  are  actually  built 
to  hving  6ul>stance,  and  "floating  or  circulating  proteids/' 
,  are  not  thus  built  up,  but  by  their  metabolism  outside  tbe 
taubatance  set  free  energy  in  the  form  of  heat  only.  It  was 
time  erroneously  supposed  that  the  exclusive  use  of  proteid 
^as  to  supply  proteid  tissue  elements,  and  that  vital  mani- 
tioas  other  than  heat  had  their  origin  in  proteid  metabolism, 
jietabolism  of  fata  and  carbohydrates  giving  rise  to  heat  only. 
p^  when  it  was  first  surmised  that  a  certain  proportion  of 
Ida  underwent  metabolism,  which  gave  rise  to  heat  only,  this 
jred  to  be  a  wasteful  expenditure  of  precious  material,  and 
hyeiabolism  of  thb  portion  of  food  was  spoken  of  as  a  **  Itiius 
ttuption,"  a  wasteful  tonsimiption.  There  were  many  dedue- 
|from  this  general  theoi^r  to  explain  particular  points;  of 
.two  may  be  mentioned:  (t)  In  inanition,  the  urea  dis- 
led  for  the  first  few  days  is  nmch  greater  than  it  is  subse- 
iy :  this  was  supposed  to  be  due  to  the  fact  that  in  the  first 
kyg  all  the  floating  capital  was  consumed  ;  (2)  the  effect 
png  with  a  mixture  of  gelatin  and  proteid  was  supposed  to 
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be  due  to  the   hwt  that  gelatm  was  able   to  repkoe  "fidtito 
proteid,"  but  uot  "  tiaiue  proteid." 

This  theory  of  Voit'Si  ingenious  and  plausible  at  iimt  a^' 
has    met  with   but  little  general  acceptancej    beeause  m 
observed  fat?ta  are  incompatible  with  it. 

Sir  Michael  Foster  svrites  aa  follos^-a  :  *^  The  evidence  ifl 
have  tends  to  show  that  in  niuacle  (taking  it  as  au  inst&oee 
a  tissue)  there  exists  a  framework  of  what  we  may  call  m 
distinctly  living  substance,  whose  metabolism,  though  higb  ^ 
quality,  does  not  give  rise  to  massive  dtscharges  of  energv^  iif^ 
that  the  intenaticea,  so  to  speak,  of  this  framework  are  oocn|ie|! 
by  various  kinds  of  tnaterial  rekted  in  different  degrees  to  tb 
framework,  and  therefore  deserving  to  be  spoken  of  as  more  or 
less  livin«:,  the  chief  part  of  the  energy  set  free  coming  directlj 
from  the  metabolism  of  some  or  other  of  this  material  Botfc 
framework  and  intercalated  material  undergo  metaboHstn,  iii 
have  in  different  degrees  their  anabolic  and  katabolic  ehangai; 
both  are  coticenied  in  the  life  of  the  organism,  but  one  mow 
directly  than  the  other.  We  can,  moreover,  recognise  no  8ktt|  ■ 
break  between  the  intercalated  material  and  the  lymph  whiA 
bathes  it;  hence  nnvh  phrases  fis  Hissne  proteid  '  and  '9oitiQ| 
proteid '  are  luidesirable  if  they  are  understood  to  imply  a  shaip 
line  of  demarcation  between  the  *  tissue  *  and  the  blood  €r 
lymph,  though  useful  as  indicating  two  different  lines  or  degnei 
of  metjibolism." 

Sir  John  Burdon-Sanderson  writes  as  follows  ;  "  The  prodactioQ 
of  urea  and  other  nitrogenous  metabolites  is  exclusively  a  fuiifr 
tion  of  *  living  material ' ;  and  this  process  is  carried  on  in  tbe 
organism  with  an  activity  which  is  dependent  on  the  actifity 
of  the  living  substance  itself,  and  on  the  quantity  of  material 
supplied  to  it.  No  evidence  at  present  exists  in  favour  of  t 
*  luxus  consumption  '  of  proteid." 

Professor  Hoppe-Seyler,  after  stating  that  he  can  make  out  no 
clear  distinction  between  the  two  varieties  of  proteid  from  Voifs 
own  writings,  proceeds  as  follows :  "  Voit  states  that  the  circu- 
lating proteid  is  no  other  than  that  which  is  dissolved  in  the  tissue 
juice,  which  is  derived  from  the  lymph-stream,  and  ultimately 
from  the  circulating  blood.  He  (Voit)  further  says  :  *  As  soon  as 
the  proteid  of  the  blood-plasma  leaves  the  blood-vessels,  and  circu- 
lates among  the  tissue  elements  themselves,  it  is  then  the  proteid 
of  the  nutrient  fluid  or  circulating  proteid.  It  is  no  longer  proteid 
of  the  blood-plasma,  nor  yet  is  it  the  proteid  of  the  lymph-stream.' 
The  place  where  Voit  situates  his  circulating  proteid  is  beyond 
the  ken  of  the  anatomist;  it  is  in  a  mysterious  space  betweeo 
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1  fssue-<?loments,  blood-vessels,  and  lymph-vessels;  the  chemist 
meets  with  equal  difficulties,  as  there  is  apparently  no  chemical 
clifference  between  tissue  proteid  and  circulating  proteid.  I  can, 
#lm«refore,  arrive  at  no  other  conclusion  than  that  these  terms 
not  only  useless,  but  unscientific,  and  are  the  outcome  of 
alatkms  in  a  region  where  there  is  as  yet  no  positive  know- 
These  crittcisms  on  Voit's  theories  do  not,  however, 
any  means,  lessen  the  importance  and  high  value  of  the 
>  amount  of  practical  research  carried  on  by  Voit  and 
papils." 

L  I  have  placed  Sir  Michael  Foster's  view  first  because  it  takes 

^iSnto  account  certain  facts  which  tend  to  show  that  there  are  degrees 
metabolism.     The  most  important  of  these  is  the  formation 
amido-acids  in  the  intestine.    It  is  an   undoubted  fact  that 
^hf  feeding  an  animal   on  leucine   and   other   amido-acids,  the 
is   increased.      This  transformation  of   leucine   into  urea 
^MellrB  in  the  liver.     It  can  hardly  be   supposed   that  leucine 
^Inoomes  to  any  great  extent  an  integral  part  of  the  living  frame- 
of   the  liver   cells,  but   like   other   extractives,    and    like 
[imniatic   compounds   absorbed   from   the   alimentary    canal,    it 
Qes  a  part  of  what  Foster  terms  the  intercalated  material. 
it   undergoes   the   final   change,    and    is   ultimately   and 
^'igparently  very  rapidly  discharged  in  the  urine.     Dr.  Sheridan 
Lm  discussing  the  probable  rdle  of  the  amido-acids  in  the  animal 
ceonomy,  compares  it  to  the  part  played  by  the  salts  of  the  food. 
Neither  salts  nor  extractives  simply  pass  into  the  urine  without 
fdlfilling  a  useful   purpose   on  their  way ;    but  the  exact  and 
specific   use   of   each,    whether   on    the    synthetic   or   analytic 
^e  of  metabolic  phenomena,  must  be  the  subject  of  renewed 
leeearch. 


CHAPTER    XL. 

ANIMAL   HEAT. 


Among  the  most  important  results  of  the  chemical  processes 
we  sum  up  imder  the  term  metabolism,  is  the  production  of  heat. 
Heat,  like  mechanical  motion,  is  the  result  of  the  katabolic  side 
of  metabolic  processes ;  the  result,  or  accompaniment,  that  is  to 
say,  of  the  formation  of  carbonic  acid,  water,  urea,  and  other 
excreted  products. 

?  V  1 
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As  regards  temperature,  animals  may  be  dirlded  mtu  ^ 
great  claasee  : — 

(i)  Warm-blooded  or  hommothertnal  aDimaI&,  or  thote  vS^ 
have  an  almost  (;oiistant  temperature.  This  cla«a  iEdu^ 
mammals  and  birds. 

(2)  Cold-bloo<led  or  })Qikiloth^fiml  animals^  or  thoee  irboii 
temperature  varies  with  that  of  the  surrounding  medium,  b^^ 
always,  however,  a  degree,  or  a  fraction  of  a  degree,  above  U«| 
of  the  medium.  This  class  includes  reptiles,  amphibians,  ^ 
probably  most  invertebrates,  and  embiyonic  birds  and  Tnajnirmji^ 

The  temperature  of  a  man  in  health  varies  but  slightly,  bek^ 
between  36*5°  and  37*5°  C.  (98°  to  99°  F.).  Most  mammali 
have  approximately  the  same  temperature :  horse,  donkey,  (n, 
37-5°  to  38°;  dog,  cat,  385°  to  39°;  sheep,  rabbit,  38^11 
39*5^;  mouse,  37*5°;  rat,  37*9°.  Birds  have  a  higher  tempea 
ture,  about  42°  C.  Tlie  temperature  varies  a  little  in  differn 
parts  of  the  body,  that  of  the  interior  being  greater  than  that  of  tb 
surface ;  the  blood  coming  from  the  liver  where  chemical  change 
are  very  active  is  warmer  than  that  of  the  general  circulatioii 
the  blood  becomes  rather  cooler  in  its  passage  through  the  lung 

The  temperature  also  shows  slight  diurnal  variations,  reaching 
maxinmm  about  4  or  5  p.m.  (37  '5°  C.)  and  a  minimum  about  3  a.] 
(36-8°  C.)  ;  that  is,  at  a  time  when  the  functions  of  the  bod 
are  least  active.  If,  however,  the  habits  of  a  man  be  altered,  ai 
he  sleeps  in  the  day,  working  during  the  night,  the  times  of  tl 
maximum  and  minimum  temperatures  are  also  inverted.  Inu 
tion  causes  the  temperature  to  fall,  and  just  at  the  onset  of  dea 
may  be  below  30°  C.  Active  muscular  exercise  raises  the  to 
perature  temporarily  by  about  05°  to  1°  C.  Diseases  may  cac 
the  temperature  to  vary  considerably,  especially  those  which 
term  febrile  (see  p.  575). 

Although  certain  mechanical  actions,  such  as  friction,  due 
movements  of  various  kinds,  may  contribute  a  minute  share 
the  production  of  heat  in  the  body,  yet  we  have  no  knowlec 
as  to  the  actual  amount  thus  generated.  The  great  source 
heat  is,  as  already  stated,  chemical  action,  especially  oxidati 
Any  given  oxidation  will  always  produce  the  same  amount 
heat.  Thus,  if  we  oxidise  a  gramme  of  carbon,  a  knowni  amo 
of  heat  is  produced,  whether  the  element  be  free  or  in  a  chem 
compound.  The  following  figures  show  the  approximate  num 
of  heat-units  produced  by  the  combustion  of  one  gramme  of 
following  substances.  A  heat-unit,  or  calorie,  is  the  amc 
of  heat  necessary  to  raise  the  temjierature  of  one  gramm< 
water  1°  C.  ;— 
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awevtiTi  Diottt  fmportant  to  remember  that  the  **  phjaio 
1  heat- value  '-  cif  a  food  may  he  different  from  the  *^  phvBical 
ahie^*'  !>.»  the  riinount  of  heat  produced  by  eombuatioii  in 
>dy  may  be  different  from  that  priwiucwf  when  the  same 
It  of  the  same  food  is*  burnt  hi  a  cixlnnmeter*  This  is 
le  with  the  proteids,  beeauHe  they  Ao  not  undergo  complete 
tiition  in  the  hody^  for  each  gramme  of  proteid  yields  a 
^  a  gniinme  of  uren,  which  hsm  a  considerahle  heatvahic  of 
n.  ThuE^  albimun*  which,  by  complete  combustion,  yields 
heat-units,  hus  a  pliy!?iintijt,'ical  hcBt-vahie  ==  4998  mimtg 
ird  of  the  heat-Vfibie  uf  urea  {3205)  — 4998  — 735  ==  4263. 
tt  has  recently  shown  that  this  tigurc  must  be  red  need  to 
aa  some  of  the  i m pur f e c t ly  b u ni t  prcd n cX^  of  d eeom \iomt ion 
teids  escape  by  the  faeces. 

the  heat  piti^hiced  in  the  IhmIv,  it  is  estimate<l  liy  Helmholt^ 
^bout  7  per  eent.  is  rei)re!sented  by  extenml  mechanical 
and  that  f>f  the  reniahider  abotit  ffjnr-fifths  are  diseharged 
iiation,  conduction,  and  evaporation  from  the  skin,  and 
mainiiig  fifth  by  the  hmgs  and  excretn. 
\  following  table  e3cliibit*<  tlu;  rclntion  between  the  prochic- 
;ad  discharge  of  heat  in  twenty-four  hours  in  tlje  human 

Kat  re«t,  estimated  in  ealorie^^.*  Tlic  table  conveniently 
form  of  a  balance-sheet  in  whir  li  jinxluctlon  and  discharge 
i  ure  compared  ;  to  keep  tiie  iKidy-tetuperatm-e  normal  these 
be  equal  The  basis  of  the  table  in  the  left- hand  (income) 
I  the  same  iis  Ranke'a  diet  (sec  p.  569)  •.- — 


f  fi*d  ti  ft  t  im  of  h  i*a  t , 
laplion  of  €4UnrM?». 

I  ^  too  %Y.)  100  X  4or  o  =  400  000 
ao  gr,)    ,  10  j  >-  9069-906.900 
lydmtet 
gr)       .  250x3893  =  974,500 


2,281  400 


DUchii  r§ t'  tt/  he*ftL 

\\''iirming  wnttr  in  fofKl^ 

Ttkil  OS,  X  as""  C.  =      65 .000 
Wai  mlia?  air  in  respimdon^ 

1 6  in 09.  X  25*  X  o- 24  =      96.000 
Evapumtion  in  hm^^ 

630gT.  xsSa-    366,660 
Hiidi«LtioD,    evB^oTatioD, 
elc,  at  surfs ce         ,     =t753f740 

3.2SI140P 


^e  calorie  we  ft  re  taking  is  gonn^timeiJ  oalletl  the  nm$\\  calorie;  hj 
he  word  cahtnf  la  natd  to  denote  the  amount  of  hsat  neee^sarj  to 
ne  kilogramme  of  water  1**  C. 
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The  figtires  under  the  heading  ProductioD  are  obtaimd  }jj 
multiply iug  the  weight  of  food  by  its  physiological  heaiTaJi* 
The  figures  on  the  other  side  of  the  halance^heei  are  obUtnedn 
follows  :  The  wiiter  in  the  fo*>d  ia  reckoned  as  weighing  2*6  \^ 
This  is  supposed  to  be  at  the  temperature  of  the  air  t^kec  n 
1 2°  C. ;  it  lias  to  be  raised  to  the  temperature  of  the  body,  ^f  C, 
that  is,  through  25^  0,  Heuce  the  weight  of  wat^r  multipJied  b 
25  gives  the  uu  ruber  of  calories  expended  iu  heatiug  iu  tW 
weight  of  iiir  is  taken  as  weighing  16  kilos. ;  this  alsci  Ime  tok 
raised  25°  C,^  and  so  to  be  multiplied  by  25  ;  it  hai  furtW 
to  l)e  niulti})lied  by  the  relative  heat  of  air  (0^24).  The  63^ 
grammes  of  water  evaporated  in  the  lungs  must  be  multiplki 
by  the  potential  or  latent  heat  of  steam  at  37^  C.  (583)  ;tk 
portion  of  heat  lotit  by  radiation,  conduction,  and  evaporttiDb 
from  the  akin  constitutes  about  four-fiftlis  of  the  whole,  aiui  ■ 
obtained  by  deducting  the  three  previous  amounts  from  tbetotiL 
This  table  does  not  take  into  account  the  small  quantities  of  hen 
lost  with  urine  tiud  ftuces. 

It  need  hardly  be  renisirkod  that  the  above  is  a  mere  illuitH' 
tive  experimeiiL  Changes  in  the  diet,  in  the  atmospheric  lcb- 
perature,  iu  the  t^mpenitnre  of  the  food  taken,  in  the  ictivtl| 
of  the  sweat  glands,  in  the  amount  of  moisture  id  the  atmonphfii^ 
and  in  the  nnionnt  of  work  done  would  coiieiderably  alter  tk 
above  figures. 

Calorim^lvif. — (.Calorimeters  employed  in  chemiciil  operation 
are  not  suit^ible  for  ex[>ennients  on  living  animals.  An  aainul 
surrounded  by  ice  or  mercury,  the  melting  and  expansion  of  which 
respectively  are  measures  of  the  amount  of  heat  evolved,  would  be 
under  such  abnormal  conditions  that  the  results  would  be  valudea 
Lavoisier,  however,  used  an  ice  calorimeter  in  his  experimentB  on 
animals. 

The  apparatus  often  employed  is  the  water  calorimeter.  This 
was  first  used  by  Crawford  ( 1 788).  Dulong's  instrumeDt  is  shown 
in  fig.  434.  The  animal  is  placed  in  a  metal  chamber,  surrounded 
by  a  water-jacket.  There  are  also  tubes  for  the  entrance  and 
exit  of  the  inspired  and  expired  gases  respectively^  The  heat 
given  out  by  the  animal  warms  the  water  in  the  jacket^  and  is 
measiu-ed  by  the  rise  of  temperature  observed  in  the  water,  of 
which  the  volume  is  also  known.  The  air  which  passes  out  from 
the  chamber  goes  through  a  long  spiral  tube,  passing  through  the 
water-jacket,  and  thus  the  heat  is  abstracted  from  it  and  not  lost 

Air-calorimeters  are  now,  however,  generally  used.  Fig.  435 
is  an  outline  sketch  of  the  one  which  has  been  most  used  in  thia 
oountry. 


.xu] 
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It  eotisiBta  of  two  preciselj  similar  chnmbeTB  made  of  thiti 

^eet  eoppen     Each  chamber  has  two  whIIb  bet^*een  which  is  an 

spac«  ;  mild  the  oiitcT  is  covered  In-  a  tbi^k  easing  of  felt  (F) 

prevent  flutTtuatious  hi  the  t*2mperaliire  of  the  sun'ouudiiigs 


Puilju-^lJtiloEg'*  tmlai  LEDeter r  C,  calorimeter^  e-uEuintmir  of  a  \:  i  viiUt  m 

inJhBli  tike  chunb^  tioldiair  the  itrim&l  is  plii^*<l ;  Q\  uoMymv-U'i  jtuiu  wli  i^^li  uir  is  ise- 
pilltd  br  A  stRun  of  wiibtfr.  Hie  iu.r  fiit^tn  ihr  renpirat^ry  <ihunber.  G,  fiucmu-ter 
ittfieifiQi^  IhA  giiMm  uf  evpirvliMn  ^tnd  the  i/xeeiw  alf  air-  t,t',  tbt^nQumcterB ;  ri»  r 
vlieeJ  for  fi|rJU,tiii{(  tbe  water.  Oti'««'i:'ve  tht-  delivery -tube  on  tht;  left  it  much  twisted 
m  tbe  waler-Hd|i«nib(Lr,  ho  u  to  fFitt!  off  it»  bL'at  tu  tbc  imrroun'dmff  water.    (^rotD 


aftectiug    the    air    in    the   air-sipatre.     The    chambers    are 
J  perfectly  air-tight,  except  for  the  ventilating  tubes  AA,  A'A'- 
itteniia  of  these,  tho  elmnjlien*  are  filled  with  perfectly  dry  air 


m\/ 


H 


A' 


A' 


.  4J5.— Air  rA!iir1Jii4^«t-  nf  Hfildftiit^t  Hitl^  WhiCt:  iind  Wiui1ibouirii«.  Cp  caae  Tor  aJiinMit. 
In  t^nirr  tn  ii9Ak«?  ihr  ci>rirLltluu<(  tu  iKith  cimtnbers  a»  tuii4  ti  atike  an  I'OsMlTile,  aa  pfupty 
pmgr  JiheJoUl  br  jAncnX  in  the  ntlicr  rhJiinb<*r. 

efore   the  experiment  is  commenced.     Leading  from  each  air- 

Mice  h  a  tul^  ;  the  two  tnbes  are  conneeted  to  the  two  limits  of 
niaiiometer  (M)  shuped  as  in  the    figure,  and  cnntaming  oil  of 
erigeron. 

The  action  of  t!ie  calorimeter  ia  as  foUowa : — In  one  chamber 
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the  animal,  the  best  product  bo  of  which  is  to  ha  aaoertcioed,  b 
placed  witiiiu  tlie  cage  C.  In  the  other^  hydrc^en  la  burnt  (H)^ 
Both  cimnibcrs  are  ahut,  the  tubes  AA,  A'A""  being  daoq)^ 
The  heat  giveti  otf  from  the  animal  warms  its  cbamber^  and  ^ 
increases  the  pi'esaure  of  the  air  in  the  air-space  betweeu  tbr  tti 
copper  walls  of  the  chamber.  This  would  lead  to  moTcmoitil 
the  fluid  in  the  manometer,  but  that  the  heat  given  of  bjifaj 
burning  of  the  Itydrogen  increases  at  the  same  time  tbe  presFiij^ 
in  the  air-spatie  between  the  walls  of  iU  chamber.  Tlui  1,>: 
increase  of  prea^nre  tends  to  make  the  fluid  in  the  manouL^i' 
move  in  tbe  other  direction.  If  tbe  fluid  in  the  nwmon.vr 
remains  stationary,  tbe  amount  of  heat  giveti  off  by  the  mmai  a 
equal  to  that  produced  by  the  burning  hydrogen  ;  and  durijij 
an  experiment  the  fluid  in  tbe  manometer  is  kept  statioiuij 
by  tuniing  the  iiydrogen  flame  up  and  down.  Theamouutof 
hydrogen  burnt  is  estimated  by  the  amount  of  water  formed,  tad 
the  heat  of  combustion  of  hydnigeu  being  known,  it  is  perfect^ 
easy  to  calcukte  the  calories  produced,  wbicb  equal  those  giia 
off^by  the  animal. 

Regulation   of  the   Temperature   of  Warm-blooded 
Auimalo. 

We  have  sseen  that  beat  in  produced  by  combustion  prooMni 
and  lo8t  in  various  ways.  In  onler  to  maintain  a  Donnil 
temperature,  both  sides  of  the  balance-sheet  must  be  equal  Tlik 
equalisation  may  be  produced  by  the  production  of  heat^  adaptbg 
itself  to  variations  in  discharge,  or  by  the  discharge  of  licit 
adapting  itself  to  variations  in  production,  or  lastly^  and 
probably,  both  sets  of  processes  may  adapt  themselvet  mutuallj 
to  one  another.  We  have,  therefore,  to  consider  (i)  regulatitm 
by  variations  in  loss  and  (2)  by  variations  in  production- 

Regnhttion  }/y  Variations  in  Lmi, — The  two  me&ua  of  \m 
susceptible  of  any  anxount  of  variation  are  tbe  Innga  and  the  fl^io, 
The  more  air  that  passes  in  and  out  of  the  lungs,  tbe  greater  will 
be  the  \<}m  in  warming  the  expired  air  and  in  evapomting  tk 
water  of  respiration.  In  such  animals  as  the  dog,  which  perapbi 
but  little,  respiration  is  a  most  impoitant  means  of  regulating  tie 
temperature  ]  and  in  these  animals  a  close  connection  is  observed 
between  the  proti notion  of  beat  and  the  respimtory  acti  vity.  Tbe 
panting  of  a  dog  when  overheated  is  a  familiar  instance  of  thii 
A  dog  also,  under  the  same  circumstances,  puts  out  ita  tongn*^ 
and  loses  beat  from  tbe  evaporation  that  occurs  from  its  surface: 
The  great  regulator,  however,  is  undoubtedly  the  akiu,  and  tliii 
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&  double  action.     In  the  first  place,  it  regtilates  the  loss  of 

II    b}^  its    va&oiiiotor   tuechtmisni  :   the   more    blood    passing 

tlimiigh  the  skin,  the  grejit<?r  will   be  the  loss  uf  heat  by  c<iii- 

iuctitm,  nuJift tidily  and  ovajmnitioti*      Converael^j  the  loss  of  beat 

dimmifihed  by  anything  that  lesseus  the  amoimt  of  blood  iu  the 

i>tkiii,  Buob  as  constrictiou  of  the  cutane^Mis  vessels,  or  dilatation  of 

rtb©  BpJanchiiic  vascukr  area.   In  the  second  plaee,  the  special  nerves 

tef  the  sweat- glands  are  called  into  action.     Familiar  imtancea 

tof  the  action  of  these  two  sets  of  nerreas  are  the  reddening  of  the 

skin  antJ  sweating  thiit  ocfvirs  aft^r  exercise,  on  a  hot  day,  or  in  a 

hot-air  or  vapour  bath^  \\ti4  tlie  pallor  of  the  akin  and  absence 

fof  sensible  perspiration  on  the  application  of  cold  to  the  lK>dy, 

Rtguiatiofn  by  Yariations  in  PrmlM^^lion. — The  rate  of  pi\)duc- 

I        tiou  of  heat  in  a  living  body,  as    determined    by  caloriitjetry, 

depends  on  a  variety  of  circumstances*     It   varies  in   different 

L      kinds  of  atiinmls.     The  general  rate  of  katabolisni  of  a  man  is 

|B  greater  than  that  of  a  dog,  and  of  a  dog  greater  tlmn  tliat  of  a 

^^Bfmbbtt.     Probidily  every  species   lias  a  specific   eoefiicient,   and 

IB^^rrery  individual  a  personal  coefhcient  of  heat  produetion,  which 

^^  IB  the  expression   of  the   inboni  qualities  proper  to  the  living 

subntunce  of  tlie  species  and   incHvidnai     Another  factor  is  the 

proportion  of   the  hulk  of   the  animal  to  its  surface  area,  the 

I       struggle  for  existence  raising  the  specific  c*>efticientof  the  animals 

^^^kn  which  the  ratio  is  high.     Other  important  eonsi derations  are 

^^^Vthe  relation  of  the  intake  of  food  to  metabolic  proeease."?,  and  the 

^■mmount  of  muscular  work  which  is  performed.     Tliese  various 

I       influences  are  tbemselves  regulated  by  the  nervous  system,  and 

physiologists  have  long  suspected  that  afferent  impulses  arising  in 

the  skin  or  elsewhere  may,  thrangh  the  central  nervous  system, 

»  originate  efferent  impuiBes^  the  effect  of  which  would  be  to 
IncFeaae  or  diminish  the  metabolism  of  the  muscles  and  other 
organs,  and  by  that  means  increase  or  diminish  respectively  the 
sitiotmt  of  heat  there  generated.  That  such  a  metabolic  or 
thermogenic  nervous  mechaiuam  doea  exist  in  warm-blooded 
animals  is  supported  by  the  following  experimental  evifience: — 

(1)  Though  in  cold-blooded  animais^  a  rise  or  fall  of  the 
^^  Burrounding  temperature  causes  respectively  a  rise  and  fall  of  their 
■metabolic  activity,  in  a  warm-blooded  animal  the  effect  is  just  the 
^reverse.     Warmth  from  the  exterior  demands  a  diminished  pro- 

duction  of  heat  in  the  interior,  and  inct  versd.  For  exceptions, 
seep,  574. 

(2)  That  this  is  due  to  a  reflex  nervous  Impidse  is  supported 
bj  the  fact  that  a  warm-blooded  animal,  when  poisoned  by  curare 
ao  longer  manifests  its  normal  behaviour  to  external  beat  and  cold, 
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but  is  affected  in  the  same  way  as  a  oold-blooded  animal.  Section 
of  the  medulla  produces  the  same  effects,  as  the  neire-chaiiDdi, 
by  which  the  impulses  tnivel,  are  severed.  When  curare  is  given, 
the  reflex  chain  is  broken  at  its  muscular  end,  the  poison  exerting 
its  iuflueuce  on  the  end-plates,  and  causing  a  diminution  of  tbe 
chemical  tonus  of  the  muscles.  The  centre  of  this  thermotaxic 
reflex  mechanism  must  be  situated  somewhere  above  the  spinal 
cord ;  acconling  to  some  observers,  in  the  optic  thalamus. 

(3)  The  reflex  mechanism  is  well  exemplified  in  shivtring^  here 
the  muscles  are  thrown  into  involuntary  contraction,  and  so  pro- 
duce more  heat,  as  the  resulc  of  the  stimulation  of  the  skin  by  cold. 

(4)  Various  injuries  caused  by  accident^  or  purposely  produced, 
by  puncture,  or  cautery,  or  electrical  stimulation  of  limited 
portions  of  the  more  central  portions  of  the  brain,  may  give  riae 
to  great  increase  of  temperature,  not  accompanied  by  other 
marked  symptoms. 

We  thus  see  that  the  nervous  system  is  intimately  associated 
with  the  regulation  of  the  tcmpeniture  of  the  body.  There  is  at 
least  one — there  may  be  several  centres  associated  in  this  action. 
The  centres  receive  afferent  impulses  fmm  without;  they  send  out 
efferent  impulses  by  at  Iciist  three  sets  of  nei-ves  :  (i)  the  vaso- 
motor nerves,  (2)  the  secretory  nerves  of  the  sweat^lands,  (3) 
trophic  or  nutritional  nerves.  The  fu^t  two  sots  of  nerves,  the 
vasomotor  and  the  secretory,  affect  the  regulation  of  temperature 
on  the  side  of  discharge ;  the  third  set  on  the  side  of  productioo. 

The  foregoing  account  of  heat  Regulation  docs  not  take  into  accoant  what 
after  all  in,  at  any  rate  in  man.  a  very  importani  factor,  namely,  the  voluntarr 
and  artificial  means  which  he  employs,  such  as  various  kinda  of  clothing 
suitable  to  the  (rlimate.  heating  of  rooms,  and  voluntary  muscular  ezerciac. 


CHAPTER    XLI. 

THE    CKNTIJAL    NKRVOUS    SYSTEM. 

We  already  know  suthcient  from  our  preliminary  study  of 
nerve-centres  to  be  aware  that  the  central  nervous  system  \% 
divided  into  the  two  main  parts  called  the  brain  and  spinal  coni. 
We  now  retiuii  to  the  subject,  and  must  enter  into  the  somewhat 
complicated  details  of  the  construction  and  mode  of  action  of 
these  parts. 

Fig.  436  shows  the  general  arrangeuient  of  the  cerebro-spinal 
axis,  and  some  anatomical  details  concerning  the  membranes  that 
envelope  the  brain  and  cord  may  here  conveniently  be  added. 


CT.  IXI,]     MEMBEAJIBg    OF   BRAIJ^   AJS'D   SPINAL   CORD. 

ll«iiELliTmiLe«  of  tbe  Br&in  and  Spinal  Cord.^Thf2  Bmiii  and  Si>iiifl^l 
GokI  are  eiiveloi>ed   ia   tbt^^e  membranes  —  (i)   the  Dura  Mj^ter,  (2)   the 
Ar*chooid,    i>  the   Pin 
Mater. 

(i>  The  Dura  Matrr^ 
^r  escteraat  ojVLTVtig,  is 
m  toDgh  (raemhmti^  com- 
poced  of  bundlea  of 
conneetive  tissue  which 
CTif'iw  nt  Vfiriouii  angle*?, 
ami  in  who^e  interaricv- 
bmnch  eil  c«  m  Tjcct  i  v*'- 
ti^uc  corpuscles  lie  :  it 
k  lined  by  a.  thin  ela^tii* 
membr»jie»  on  the  inner 
iiirfsice  of  which  i«  a 
lajer  of  endot  heliAl  cells. 

(2)  The  Aruvhttitid  U 
a  much  more  delicate 
membmne,  very  fiimilivr 
in  structure  to  the  d urn 
mater*  arid  linetl  od  it> 
OTitej  or  free  surf  ace  In 
&n  ondotheltJil  mem- 
bmne. 

(jj  The  Pla  Mitt^r  of 
the  cord  cotii^btg  of  tw-- 
hivers  Ijctween  whicli 
Ti  n  rn  e  ro  an  bkxxl  -  v  c^il  s 
ramify.  In  fhiit  uf  thL- 
brain  only  the  innerof  t  he 
two  layers  tsrepnseutcd. 
Between  the  amehnotd 
ftnd  pia  mater  m  a  Tjct- 
trork  of  fihroiiH  tissue 
Iriibeetilie  ahcathed  wii  Ij 
endothelial  cells  :  thc^i' 
«til>-Arachrioid  trabecuhv 
divide  up  the  Bfib'ttracb- 
noil  I  Mpace  ijit-o  a  num 
ber  of  irrcgtiliir  piniisi'>. 
There  are  BOme  simihvr 
Imbectilie^  but  much 
fewer  in  number,  tra- 
Tersjng  the  sub-dnml 
8|.jflee,  i.r.,  the  space 
ijctween  the  dura  maUri 
and  arachnoid. 


Kg.  |j6.— View  of  th«  ctrr^ 

btO^^OJUl    AXbt     of     t)]'' 

ng^ttmlf  of  Uie  crmniuj]! 
mad  tninlc  of  tho  VhhI^^ 
liaa  been  mnnved  by  a. 
fttliflal     miiUoo  ;      the 


ii.ii[l  pvpltuil  efprd  h&vn  n\m  boeti  rptqovcd.  and  tJie  luot*  ami  Hrrf  iMH-t  &f  t>ic  fifth  and 
nintJi  ernnuib  ami  i>f  all  tho  ttpLTttil  nene*  of  the  right  aidCt  bfiVf  bepn  djfwcti-d  out 
ttJid  laid  w|umt«Iy  on  tli^  wall  of  lrh<?  skuil  und  rjn  tb*  BcvFml  vi^ttvbiw  cippoidti?  to 
tlie  plAC*  of  tb^  DjitujiU  tiidt  from  the  Lronlix-vpii)^  cftTily.      After  Bguii$«iy.} 
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Paffehimitin  bcxlies  art  g^wthi   from    the  Bub-^raclitioid  Detwxifk  4 

conneotive-Haaue  t mbeculfp  which  project  throngrh  snjall  holes  m  the  inae 
Inyers  tjf  the  tium  inntt^r  Into  the  venoits*  sl^tJ^(^H  of  that  nierut*raiic.  TT^ 
venous  sinuses  of  the  dum  mater  have  been  injeoted  from  tht?  sulwuidi. 
noidfli  space  through  the  uitermetlintioii  i>f  Ihete  villott«  oulfrowiin. 


In  the  chapters  proeeding  tblfl  one  w#  have  aeen  how  all  ^ 
vading  nervotis  action  ie  ;  in  connection  with  circuTation,  respbt' 
Uon,   siccretion,   pc^riatalfciia,  etc.,  the  way  in  ^vhtch    nucU  fnnetiotDi 

£regultited  by  nervotisj  aL*tivity  hini  taken  iqi  a  ermsiderahl^ 
mint  of  space.  Some  of  thi;  facts  thei-e  described  will  he 
better  nndcrstofid,  or  be  seen  in  a  clearer  light  if  the  ntiidenl 
tnms  liack  to  thein  and  studies  them  once  more  after  he  hu 
jj:ras|>ed  what  we  are  going  to  conBider  in  the  cbapt^jre  tluu 
follow  this*  on  the  physiology  of  the  central  nervoita  ftystera, 

Tt  would  altio  be  Jidvisable  before  he  begins  this  subject,  ihax 
ia.^  j^bonld  once  niofc  read  <'hiip.  XVII»  on  nerve  centres,  in  tmJer 
to  Jtifretah  hiH  memory  concerning  the  elementar}^  and  fiiudi* 
mental  prublema  in  relation  to  nervotia  activity  in  these  regiotm 


CHAPTKR    Xlll 

STRUCTURE    OF    THK    SPINAL    CORD, 

The  spinal  cord  is  a  column  of  nen^e  subetauce  eownwlcd 
above  with  the  brain  tbi-ough  the  medium  of  the  bnlK  *o4 
^itnated  in  the  spinal  canaL  In  transyerae  section  it  m  approii^ 
mately  circular^  bnt  the  cord  m  not  of  the  game  ake  thronghout 
Its  course.  It  exhibits  two  enlargement«>j  one  in  the  ccrviciJ, 
the  other  in  the  h  mi  bar  region.  These  are  the  sitnaticms  u- hence 
the  largo  nerves  for  the  supply  of  the  bmha  issue.  The  cortl 
terminates  below,  about  the  lower  border  of  the  first  IuiuImt 
vertcbra,  in  a  slender  filament  of  gi-ey  substance,  the  JUmn 
terJ?itna/f,  which  lies  in  the  midat  of  the  roots  of  many  nervea 
forming  the  cauda  equifta^ 

It  is  composed  of  grey  and  white  matter;  the  white  luatberii 
situated  externally,  and  cunstitntes  it*  chief  portion ;  the  grcv 
matter  ie  in  the  interior^  and  is  so  arranged  that  in  a  transversa 
section  of  the  cord  it  appears   like  two  creacentic  masses  (the 
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&nis  of  e&eh  of  wbieh  are  called  reftpectiYely  the  anterior  and 
ftterior  comua)  coiiiiected  together  by  a  naiTower  poi-tiou  or 
uis,   fallcii    the    poatcrior  comriiissure   (fig.   437).     Passitig 
rtigh  the  centre  of  thi»  isthmus  in  a  loiigitudiual  direction  is 
aute  canal  ;  in  a  transverse  section  it  appears  as  a  hole ;  this 
eanal  of  the  spinal  cord  is  continued  throughout  its  entire 
aftb,  and    opens   above  into   the  space  ni  the   back  of   the 
hnediiUa  oblongata  nnd  pcjna  Varolii,  called  the  fourth  ventricle 


I 


¥%§.  4.17.— Different  ^t-wji  of  ft  portion  ijf  the  fipiiuil  torf  frora  Ibe  eerriPB.1  region,  with  f),e 
TOQim  of  tfat  tierved  >>li(j:bUy  iiilArg^d].  Iji  a*,  tlie  iwtorior  turfmiem  of  Um  »pccim&i  is 
fihowit ;  the  untutiur  nt*r*^?-TTKjt  of  it^  right  Hde  1*  cLi^4od|  in  p,  a  tic*  of  tlie 
rifht  loAtt  i»  friviii ;  hi  c,  th«  upper  surfAoe  ii  thinni ;  hi  p,  IJbft  Derve-rootiB  auut 
nug-lioa  mre  iihowii  from  bdaw.  tf  the  uitfriar  cnfidjaa  Q«vii]« ;  2,  pontfihar  ttifdiiuk 
flBmre ;  j,  Aatenor  UtenJ  deprenioiL,  over  vhkli  tlie  uitonOT  nerre-rootB  Are  neea  to 
^rmd  I  4ii  posterior  iMterAl  ^roofne,  into  ivliidi  tlie  potfte^ioT  rooti  an  ii«ii  to  link  i 
5f  tnterkir  roots  pacing  lbs  i^vm^liorn;  j^  in  a,  fas  uitefior  iroot  diTtded;  6,  the 
pCHiterior  roots,  th«  flbr»  of  vluch  pui  into  the  grAaiiioii  b' ;  7,  the  ooited  or  com 
pound  nervo ;  7\  th«  posterior  primary  branch,  p^vn  in  a  and  o  to  be  diedv^  in  paft 
iTocn  the  (interiar  audi  in  part  from  the  pcwtcrior  root.     ( A  ilea  Tboliwflti.} 


't   ie    lined   by   a   layer  of   colnmnar   ciliated    epithelinm,  and 
contains  a  fluid  called  eere^rtj-spitml  JiniiL 

The  spinal  cord  consists  of  two  symmetrical  halvest  separated 
anteriorly  and  jM:>steriorly  by  verticid  Ji»snres  (the  pfjsterior 
fissure  being  deeper,  but  lesa  M-idc  and  distinct  than  the 
anterior)^  and  united  in  the  middle  by  nervous  matter  whicb  is 
usually  deaeribed  as  forming  two  commissures — ^an  ani^or  com- 
oiisaure  in   front  o!  the  central  oanal,  consisting  of  meduUated 
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nerve-fibres,  and  a  posterior  commissure  behind  the  caitnd  eaotl 
consisting  also  of  mediillated  nerve-fibres,  but  with  more  nenrog^ 
which  gives  the  grey  aspect  to  this  commissure  (fig.  437,  b). 
Each  half  of  the  spinal  cord  is  marked  on  the  sides  (obscurelj  at 
the  lower  part,  but  distinctly  above)  by  two  longitudinal  funovi, 
which  divide  it  into  three  portions,  columns,  or  tracts,  an  ORterior, 
lateral,  and  posterior.  From  the  groove  between  the  anterior  and 
lateral  columns  spring  the  anterior  roots  of  the  spinal  nerrei 
(fig.  437,  B  and  c,  5) ;  and  just  in  front  of  the  groove  betweeutbe 
lateml  and  posterior  column  arise  the  posterior  roots  of  the  same 
(b,  6) :  a  pair  of  roots  on  each  side  corresponds  to  each  vertebra. 

White  matter. — The  white  matter  of  the  cord  is  made  up 
of  niedullated  nerve-fibres,  of  different  sizes,  arranged  longitudi- 
nally, and  of  a  supporting  material  of  two  kinds,  via. : — (a)  ordi- 
nary fibrous  connective-tissue  with  elastic  fibres,  which  is  con- 
nected with  septa  from  the  pia  mater  which  pass  into  the  cord 
to  carry  the  blood-vessels.  (6)  Neuroglia ;  the  processes  of  the 
neuroglia-cells  arc  arranged  so  as  to  support  the  nerve-fibres 
which  are  without  the  usual  external  nerve  sheaths. 

The  general  rule  respecting  the  size  of  different  parts  of  the 
cord  is,  that  each  part  is  in  direct  proportion  to  the  size  and 
number  of  nerve -roots  given  off  from  it.  Thus  the  cord  is  very 
large  in  the  middle  and  lower  part  of  its  cervical  portion,  whence 
arise  the  large  nerve-roots  for  the  formation  of  the  brachial 
plexuses  and  the  supply  of  the  upper  extremities ;  it  again 
enlarges  at  the  lowest  part  of  its  dor^l  portion  and  the  upper 
part  of  its  lumbar,  at  the  origins  of  the  large  nerves  which, 
after  forming  the  lumbar  and  sacral  plexuses,  are  distributed  to 
the  lower  extremities.  The  chief  cause  of  the  greater  size  at 
these  parts  of  the  spinal  cord  is  increase  in  the  quantity  of  grey 
matter ;  the  white  part  of  the  cord  (especially  the  lateral  columns) 
becomes  gradually  and  progressively  smaller  from  above  down- 
wards, because  a  certain  number  of  fibres  coming  down  from  the 
brain  pass  into  the  spinal  grey  matter  at  difierent  levels. 

Grey  matter. — The  grey  matter  of  the  cord  consists  of  nerve- 
fibres,  most  of  which  are  very  fine  and  delicate,  of  nerve-ceUs 
with  branching  processes,  and  of  an  extremely  delicate  netwoii 
of  the  primitive  fibrilla)  of  axis-cylinders.  This  fine  plexus  is 
called  Gerlftch's  network,  and  is  mingled  with  the  meshes  of 
neuroglia.  The  neuroglia  of  the  grey  matter  resembles  that 
of  the  white,  but  instejul  of  everywhere  forming  a  close  net- 
work to  support  the  nerve-fibres,  here  and  there  it  is  in  the  form 
of  a  more  open  sponge-work  to  support  the  nerve-cells.  It  h 
especially  developed  arout\d  the  central  canal,  which  is  lined  witii 
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ooltininar  cilkt0<l  epitheltiim,  the  mUs  of  which  at  their  outer  end 
irtoiimto  in  fine  processes^  which  join  the  nearoB:Mii  network 
rromiciihg  the  canal,  and  forai  the  ttuhstttntm  f/eiatmom.  cmilrttiis. 
It  lA  alfwi  dovelciped  at  the  tip  of  the  postertor  eornti  of  grey 
matter^  forming  what  i»  known  us  the  Mubtthtntin  ffel<itin^m 
kUeraiis  of  Roland o,  which  m  rnucli  enlarged  in  the  upper  cervical 
region. 

Grottpn  of  cdh  iVi  rpre^  viaiier. — The  multipolar  cells  are  either 
ttcn^l  singly  nr  arranged  in  groups,  of  which  the  following  are 
be  dij*tingniailje<l  on  either  tide — certain  of  the  ^nps  heing 


F!f .  ij3i,— Section  of  gref  nuiiter  of  ulterior  oomu  ot  n  atWw  ipdul  cord  i  4^  tt/erve- 
fthr»  of  vhJte  mAtter  in  tmnsiYerse  wvtiDii,  ahQiHnf^  axiiiHTfHodciT  iit  i^entpf  of  e^^h 
I       M,  VkTgf  fttelLite  nifrrt^-oelli  with  their  nuclei  md  iiroIuDfrAdona.     (CtidL&t,j 


more  or  leaa  marked  in  all  of  the  regions  of  the  oord,  viis,, 
thoae  (a)  in  the  anterior  cornu,  and  {f^)  those  in  the  posterior 
corau* 

{a)  The  cells  in  the  anterior  oomu  are  large  and  branching, 
and  each  gives  rise  to  an  axis-cylinder  process  which  pitjases  out 
in  the  auterior  nerve-root.  These  cellii  are  everywhere  con- 
Bpicnoua,  but  are  particiilarly  numerous  in  the  cervical  and  lumbar 
enlargements.  In  these  districts  they  may  be  divided  into  t^veral 
groupB^(i.)  a  group  of  large  cells  dose  to  the  tip  of  the  inner 
part^  of  the  anterior  cornu — -most  of  the  cells  of  the  anterior 
cornu  iu  the  dorsal  or  tfiomcic  regioo  are  ^id  to  belong  to  this 
group  ;  (ii.)  sevenil  lateral  groups  {2,  a,  i,  and  c,  tig.  439)  on  the 
outer  side  of  the  grey  matter,  and  (iii.)  a  certain  number  of  cells 
at  the  base  of  the  inner  part  of  the  anterior  00 nm  particularly 
well  marked  in  the  thoracic  region. 
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(ff)  Cells  of  the  posterior  coniii — these  are  not  tiiimprouK;  tlei 
fire  small  find  brAiichod,  aixd  e^ich  has  an  axis-eylJtirler  pnocai 
paasiug  ot}\;  but  these  pix>cesije8  <lo  not  pam  mto  the  pOBlerjoi 
nerve- roots.  The  groups  ure  two  at  least  in  number,  m,  (L|  m 
couneotioD  with  the  ed^e  of  the  grey  matter  exterually,  vilici*  it 
is  cOTisiderablj  brakeu  up  by  the  pwssi^e  of  bundk-^s  (vf  Bnt% 
through  it,  and  calle^i  the  lateral  rctwuJm' jWimifirm  :  and  (tyn, 
connection  with  a  similar  reticular  ft>rmation,  more  at  the  tip  nt 
the  grey  matter  of  the  posterior  cornu  j  thia  is  known  m  tin 
posterior  reticular  /hrmalm/i. 

The  other  groups  of  cells   (not  represented  in  fig.  439;  m 
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Pifr^  4,\9.— Sectfon  ol  apiniil  ctnd  (cerricaJ  reffioii)j  oat  half  of  wtiich  [left]  Mhsnn  lit 
ttvcteof  thfl  white  niBtttMr,tmd  the  other  half  ( right  ]  nhowa  tiie  portion  of  thf  vmrt- 
odJi  in  the  groT  [aatter^  7»  lo.  9,  Hnd  j  «r»  tiActa  cif  dciioetidiDg  degeDermtiiiB; 
It  it  4i  &t  ^id  &,  of  naoendingr  degcnrratioii..  Seaxddufiunm&tiD,   (After  ShcrmiftehL • 

confined  to  the  thoracio  region  of  the  cord,  and  are  two  in  num-  ^ 
ber,  vie.  :  one  situated  at  the  base  of  the  posterior  comu,  form^  < 
of  large  fusiform  cells,  constitutes  the  posterior  vedciUar  c&him  ' 
of  hovkhart  Chirke  (fig,  443,  c  c),  and  the  other  situated  on  the 
outer  portion   of  the  grey   matter,  about  midway    between  the 
anterior  and  posterior  comua,  coristitutes  tlie  cells  of  the  intit- 
ni^i<k4ati^ral  tract  (fig,   443,   I  t).      These  cells  are  s>malJ  mid 
ipindle-sbaped,  and  are  found  in  the  upper  lumbar  as  weU  as  m 
the  thoracic  region* 

Colufmis  wnd  tracU  in  the  white  matUr  0/  the  tpinal  wr4* — \u 


TRACTS    IN   THE    WHITE    MATTER. 

tie  oolumns  of  the  wtute  maiteF  which  are  marked 
aiiita  from  which  the  nerve  roots  iasue,  and  which 
the  latei*al  and  the  jtosierior^  the  poeterior 
divided  by  a  septum  of  the  pia  mater  itit*)  two  almost 
i8j  coustituting  the  postero-^j-Ur^uil  cohinui,  or  column 
h  (fig.  439,  ^)i  ^^^^  ^^^'^  po^tert^tftedmnf  or  coiunm  of 
439*  ')'  111  addition  to  these  cokuunsj  however,  it 
shown  that  thp  white  matter  can  he  still  further  sub- 
Tins  stibdivision  baa  been  iiccoaifihtjhed  bj  evidence 

kinds,  that  tbe  parU,  or  as  they  are  called,  tracts  in 
matter,  perform  diflerent  functions  in  the  conduction 
s. 

thods  of  observation  are  the  following  i — 
I  emhryolotjicai  roethotl.  It  has  been  found  Ijy  examin- 
wnal  curd  at  different  atages  of  its  development  that 
mpii  of  the  nerve- fibres  put  on  their  myelin  sheath  at 
iods  than  others,  and  that  the  different  groups  of  fibres 
are  be  traced  in  various  directions,  This  is  also  known 
.hod  of  Flcchsig, 

iUH'fin  or  fhijenf^ratimi  methods — This  method  depends 
faet  that  if  a  nerve-fibre  is  separated  from  its  nerve- 
ifcea  or  degenerates.  It  consisLa  in  tracing  the  course  of 
^generated  fibres,  which  result  from  an  Injury  to  any  part 
tral  nervous  system.  When  fibres  degenerate  below  a 
ttuct  is  said  to  be  of  (h^cending  degrnifvatton^  aud  when 
degenerate  in  the  opptistte  direction^  the  trat^t  is  otic  of 
dtgettemiion.  By  the  mudeni  methods  employed  in 
le  central  nervous  systeni,  it  has  proved  comparatively 
itinguish  degenerated  parts  in  sectioDs  of  the  cord  and 
|>ortiona  of  the  central  nervous  system.  Degenerated 
ve  a  different  staining  reaction  when  the  aeetions 
d  by  what  are  called  Weigert's  and  PaVs  methods, 
tisist  in  subjecting  tbem  to  a  special  solution  of 
lin,  and  then  to  special  differentiating  solulious.  The 
)d  fibres  appear  light  yellow,  whereas  the  healthy  fibre« 

blue.  Marclii's  method  is  even  better.  By  Marchi's 
L  mixture  of  ^liiller'a  fluid  and  t^niic  acid)  degenerated 
stained  lilack,  the  rest  of  the  tissue  being  unstained, 
to  the  central  nervous  system  in  man  have  given  us 
rmation  upon  this  subject  but  this  has  of  late  years 
elemented  and  largely  extended  by  experiments  on 
articularly  upon  monkeys ;  and  considerable  light  has 

uj>on  the  conductiou  of  impulses  to  and  from  the 
ratem  by  the  study  of  the  results  of  section  of  diflerent 
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parts  of  tlie  central  nervous  syetein,   and  of  the  npiml 
roots. 

By  tbewe  nicthwk  the  tracts  in  the  white  matter  ImTt  QQii 

been  mapitecl  out,  and  the  principal  ones  are  shown  in  th«  MSL 
half  of  fig.  439,  But  as  thej  are  there  all  put  together,  it  vi 
be  a  better  way  of  Htudying  the  subject  to  enumerate  t&a 
ascending  and  descending  tracts  i»ith  separate  diagrams. 

It  will  !>o  convenient  to  begin  by  considering  the  resak  d 
cutting  thrtrugh  the  roots  of  the  spinal  nerves. 

Cutting  the  anterior  roots  produecs  no  degeneration  iu  ila 
cord  ;  the  fibres  uf  the  anterior  roott*  come  off  from  the  Ut^ 
cells  of  tla*  anterior  born,  and  degeneration  is  found  only  on  the 
distal  side  of  the  point  of  section,  in  tbo  motor  nerve-fibrea  tj 
the  nerves. 

Cutting  the  |K)sterior  root^  between  the  spinal  ganglia  and  ilw 
cord  leaves  the  peripberal  pnrt  of  the  ugtvq  health y,  and  degen^ 
ration  occui-h  in  the  portion  of  the  root  which  rtnis  into  the  cord, 
because  the  fibres  are  cut  off  from  the  cells  of  the  spinal  ganglion 
from  which  they  grew.  These  degenerated  nerve-fibres  mav  be 
traced  up  the  cord  for  a  considerable  distance.  Each  poaterotf 
root-fibre  wlien  it  entera  the  coivl  bifurcates,  the  main  brancli 
passing  upwaitls,  and  the  shorter  hmnch  downwards,  so  that  tb 
degeneration  In  seen  in  a  small  tract  called  the  comma  tract  (fig. 
439,  3)  inniieihately  below  the  jjoint  of  entrance  of  the  cat 
posterior  root.  The  upgoing  fibre  is  contained  in  the  posterior 
column  of  white  matter,  and  it  temiinates  in  one  or  other  eoUcc- 
tion  of  grey  matter  either  in  the  cord  itself,  or  in  the  medulk 
oblongata. 

Fig.  440  repre.scntH  in  a  schematic  way  the  maimer  in  which 
the  fibres  of  tlic  two  roots  of  a  spinal  ncn'c  are  ecu  nee  ted  to  ik 
grey  matter  in  the  t^onh 

I,  2,  3,  4  represent  four  cells  of  the  anterior  honi.  l^iich  gives 
rise  to  an  axis  cylinder  pmcess  A,  one  of  which  is  shown 
terminating  in  its  final  ramification  in  the  end  plate  of  a  muscnlar 
fibre  M.  Kach  of  these  four  cells  is  further  suiToiindcd  by  ao 
arborisation  (synapse)  derived  fi-om  the  fibres  of  the  pxTamidtl 
inict  P,  which  comes  down  from  the  bi-ain. 

A  fibre  of  the  posterior  root  is  also  shown;  this  originates  from 
the  cell  (I  of  the  spinal  ganglion;  the  process  of  this  cell  bifurcates, 
one  bmnch  (B)  passing  to  the  periphery  where  it  ends  in  an 
arborescenee  in  the  skin  (S);  the  arrow  by  the  side  of  this  branch 
represents  the  direction  of  conduction  of  the  sensurj'  impulses 
from  the  skin.  An  arrow  in  the  opposite  direction  would  indicate 
the  direction  of  its  growth.     The  other  branch  C  passes  into  the 


CH.  XLII.] 


COURSE    OF   FIBRES    IN    CORD. 


595 


spinal  conl,  where  it  auaiii  bifurcates  ;  the  ))nineh  K,  a  short  one, 
passes  downwards  and  ends  in  an  arborisiition  around  one  ot'  trie 
cells  P^  of  the  posterior  comu ;  from  which  a  new  axis-cylinder 
waneB,  and  terminates  around  one  of  the  multipolar  cells  (4)  of 
tile  anterior  horn. 

The  main  diyision  D  travels  up  in  the  posterior  column  of  the 
Qord,  and  ends  in  grey  matter  at  various  levels.    Some  collaterals 


Fig.  440.— Course  of  nerve-flbrea  in  Rpinal  cord.    (After  8chlLfer.) 


(5)  terminate  by  arborising  directly  around  the  anterior  comual 
oellsy  principally  of  the  same  side ;  others  (6)  do  so  with  an  inter- 
mediate cell  station  in  a  posterior  comual  cell  P^)  others  (7) 
arborise  around  the  cells  of  Clarke's  column  (C)  in  the  thoracic 
region  of  the  cord,  and  from  these  cells  fresh  axis-cylinders  carry 
up  the  impulse  to  the  cerebellum  in  what  is  called  the  direct 
cerebellar  tract,  while  the  main  fibre  (8)  may  terminate  in  any  of 
these  ways  at  a  higher  level  in  the  cord,  or  above  the  cord  in 
the  medulla  oblongata.  When  we  become  acquainted  with  the 
structure  of  the  medulla  oblongata,  we  shall  be  able  to  trace 
these  fibres  further  (see  fig.  472,  p.  635). 

In  general  terms  the  anterior  root-fibroa  pass  out  of  the  grey 
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matter  of  the  aotorior  homa,  and  after  a  short  ocniive  letvi  ^ 
spinal  cord  in  tho  anterior  apinal  nerve^roots-  The  posterior  rood 
on  the  other  hand  do  not  pass  to  any  great  eictent  uito  tlie  p^ 
matter  immediately^  but  into  the  white  matter  on  the  inner  h.^ 
of  the  posterior  horn ;  in  other  words  they  go  into  the  ocdiuois  ^^ 
Burdach  {fig^.  439,  2) ;  they  paaa  up  in  this  column  but  gmdmiiiT 
approach  the  middle  line,  and  are  continued  upwardi  to  t^ 
medulU  m  thy  column  of  GoU  ;  but  as  they  go  up  tbeybeecjm 
less  numerouii,  as  some  terminate  in  the  grey  matter  of  the  <)otij 
on  the  \*'aj  in  tho  manner  described.  A  few  fibres  of  the  poitfrifli 
root,  however,  travel  for  a  short  distance  in  a  small  tract  cm  i\i 


Fig.  441.— Degeneration  in  oolomn  of  Ooll  after  section  of  posterior  nerT»'iooti. 

outer  side  of  the  posterior  horn  ;  this  is  called  the  tract  of  Lia- 
sauer  (4  in  fig.  439);  the  comma  tract  (3  in  fig- 439)  hasbeea 
already  explained. 

Suppose  now  one  cuts  through  several  posterior  roots  betwea 
the  spinal  ganglia  and  the  cord,  so  that  the  course  of  degenen 
tion  may  be  more  readily  traced.  Immediately  below  the  point 
of  entrance  of  these  nerve-roots,  the  comma  tract  will  be  fonni 
degenerated ;  innnediately  above,  the  degenerated  fibres  will  b 
found  in  the  column  of  Burdach  ;  higher  up  in  the  cord  they  wi 
be  less  numerous,  and  have  approached  the  middle  line;  thefibn 
which  enter  the  cord  lowest  get  idtimately  nearest  the  middl 
line,  so  that  the  greater  part  of  the  column  of  GoU  is  made  up  < 
sensory  fibres  from  the  legs ;  the  fibres  which  enter  the  cord  laa 
for  instance  those  from  the  upper  limbs  and  neck,  pursue  the 
course  in  the  inner  part  of  the  column  of  Burdach. 

The  preceding  figure  (fig.  441)  shows  the  degeneration  m 
section  of  the  spinal  cord,  after  the   division  of  a  number  » 
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nerve-roots  on  one  side.  The  microscopic  section  is  taken  liiuh 
up,  80  that  all  the  degenerated  fibres  have  passe(i  into  the 
oolumn  of  Goll  on  the  same  side ;  the  inner  set  ( i )  are  shaded 
difiereDtly  from  the  outer  set  (2),  mdicating  that  those  nearest 
tbe  middle  line  come  from  the  lowest  nerve-roots. 

We  may  pass  from  this  to  consider  the  tracts  of  degeneration 
that  occur  when  the  spinal  cord  is  cut  right  across  in  the  thoracic 
legioD.  Some  tracts  will  be  found  degenerated  in  the  piece  of 
oord  below  the  lesion ;  these  consist  of  nerve-fibres  that  are 
connected  with  the  nerve-cells  in  the  brain ;  they  are  called  the 
pyramidal  tracts.     Olher  tracts  are  found  degenerated    in   the 


Croastd 

Pyramltiat 


Anitro-lateral  d^t^vftd  

Direct  Pyramidal 
Fig.  442.— DeBoending  tracts  of  defeneration. 


piece  of  cord  above  the  lesion  ;  these  consist  of  nerve-fibres  that 
are  connected  with  the  nerve -cells  of  the  spinal  ganglia,  or  with 
the  cells  of  the  spinal  cord  itself  below  the  lesion  and  are  passing 
upwards. 

The  tracts  which  degenerate  downwards  arc  the  motor  tracts  ; 
the  tracts  that  degenerate  upwards  are  the  sensory  tracts. 

If  the  animal  is  killed  a  few  weeks  after  the  operation,  its  cord 
removed,  and  micix)scopic  sections  of  it  made  and  stained  in  an 
appropriate  manner,  the  ascending  tracts  will  be  found  degene- 
rated in  the  piece  of  cord  above  the  lesion  ;  the  descending  tracts 
degenerated  in  the  piece  of  cord  below  the  lesion.  These  are 
shown  in  figs.  442  and  443. 

Tracts  of  descending  degeneration  (fig.  442). 

(i.)  Tkt  crossed  pyramidal  tract. — This  tract  is  situated  in  the 
lateral  column  on  the  outer  side  of  the  posterior  cornu  of  grey 
matter.  At  the  lower  part  of  the  spinal  cord  it  extends  to  the 
margin,  but  higher  up  it  becomes  displaced  from  this  position  by 
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the  interpolation  of  another  tract  of  6br^  to  be  preeeatly 
described,  vie.,  thi.'  direct  cerebellar  tract.  The  crossed  pymnidil 
tract  is  large,  uud  may  tciuch  the  grej  matter  at  the  tip  of  t^ 
posterior  cornUf  but  is  separated  from  it  eluevhere.  Its  ibin 
on  cross  section  is  somewhat  like  a  lens,  btit  varies  in  diflnaa 
regions  of  the  cord,  and  ditninishes  in  »ize  from  th^  cervical  n^ 
downwards,  ifca  fibres  passing  off  as  they  dt^scend,  to  arborin 
around  the  ner^'c-cella  and  their  branchings  in  the  grej  mattet  d  ' 
the  cord.  Tlie  fibres  of  which  tins  tract  is  compost  m 
moderately  large,  but  are  mixed  with  some  that  are  smaller, 

(ii.)  The  direvt  Qr  nttct-oMed  py^^midfd  tf^act — This  tract  i 
situated  in  the  auterior  column  by  the  xiide  of  the  anterior  fiffluit 
It  is  smaller  than  (L),  [ind  is  not  present  in  all  animals,  thoo^ 
conspicuous  in  tlu*  human  cord.  It  can  be  traced  upwards  to  tk 
brain,  and  dowii>varda  uti  far  us  the  mid  or  lower  thoracic  regiao^ 
where  it  ends. 

The  two  pyramidal  tnu^ts  come  down  from  the  brain;  in  tit 
medulla  oblongata,  the  greater  number  of  the  pyramidal  fibm 
cross  over  to  the  other  side  of  the  cord  which  they  descend;  heow 
the  term  crossed  pyramidal  tract ;  a  smaller  collection  of  t}^ 
pyramidal  fibres  goes  stmight  on,  on  the  same  side  of  the  cord,  lod 
these  cross  at  different  levels  in  the  anterior  commissure  of  tlii 
cord  lower  down ;  hence  the  disappearance  of  the  direct  pyranudil 
tract  in  the  lower  part  of  the  cord.  The  fact  that  the  crossed 
pyramidal  tract  of  one  side  is  the  fellow  of  the  direct  pyranudal 
tract  of  the  other  side,  is  indicated  in  the  diagram  by  the  dire^ 
tion  of  shading. 

(iii.)  Anteiyy-laieral  descending  tract,  —  An  extensive  trsct^ 
elongated  but  narrow,  and  reaching  from  the  crossed  to  the  direct 
pyramidal  tract.  It  is  a  mixed  tract,  since  not  all  of  its  fibm 
degenerate  below  the  lesion. 

(iv.)  Comma  tract  is  a  small  tract  of  fibres  which  d^enerate 
below  section  or  injury  of  the  cord.  It  is  only  found  for  a  few 
millimetres  below  the  actual  lesion  ;  though  it  degenerates  down- 
wards it  is  in  reality  a  sensory  tract,  being  compoeed,  as  we 
have  already  seen,  of  the  branches  of  the  entering  posteiior 
root-fibres  which  pass  downwards  on  entering  the  cord. 

Tracts  of  ascending  degeneration  (fig.  443). 

(i.)  Postero- median  column. — This  tract  degenerates  upwards  00 
injury  or  on  section  of  tiie  cord,  as  well  as  on  section  of  the 
posterior  nerve-roots.  It  exists  throughout  the  whole  of  the  cord 
from  below  up,  and  can  be  traced  into  the  bulb.  It  consistB  of 
fine  fibres.  The  figure  represents  a  microscopic  section  prepared 
from  a  piece  o!  cord  some  d\%\^&ti^^  «X^n«  \.Vi<^  YCLYU^^  «^  that  the 
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<  li'^enoratCil    fibres  which   hciriii    in    the   (-(.hmm  of    liunl.H-h   have 
^)asse(l  into  the  coliiinn  of  (iolL 

(ii.)   Dorsiil  or  dirfct  cerfheilar  tract. — This  tract  is  situated  ou 

:  the  outer  part  of  the  cord  between  the  crossed  pyramidal  tract 

;  mod  the  marp^in.     It  is  found  in  the  cervical,  thoracic,  and  upper 

lumhar  regions   of  the  cord,   and   increases  in  siee  from  below 

^Qinraids.     It  degenerates  on  injury  or  section  of  the  cord  itself, 

but  not  on  section  of    the  posterior  nerve-roots.     As  its  name 

implies,  it  passes  up  hito  the  cerebellum.     Its  fibres  are  large, 

and  originate  from  the  cells  of  Clarke's  column  of  the  same  side 

<of  the  cord. 

(iii.)    Ventral   cerebellar    /met,    called    also    the    antero-latiral 


Fif  .  443.— Aaceuding  txacU  of  dcsenenttioxi.    The  dianam  also  indicat««  the  poidtion  of 
Gburke*B  oolumn  (C.C.)  and  tne  intermedio-hiteral  tract  (I.T.)  in  the  lateral  horn. 

<utending  tracts  or  trcLct  of  Gowers. — This  tract  is  situated  at  the 
mai^u  of  the  cord  outside  the  corresponding  descending  tract.  Its 
fibres  are  of  various  sizes,  and  originate  from  cells  sitiuitcd  in  the 
hase  of  the  anterior  horn  of  the  opposite  side  of  the  spinal  cord,  in 
the  lower  thoracic  and  lumbar  region  ;  the  fibres  pass  through  the 
grey  commissure  and  anterior  honi  of  the  op()osite  side,  and  travel 
up  the  tract  of  Gowers  to  terminate  above  principally  in  the 
cerebellum,  but  partly  in  the  corpora  quadrigemina.  It  is  thus 
chiefly  a  crossed  cerebellar  tract. 

(iv.)  Tract  of  Lissauery  or  posterior  marginal  zone. — A  small 
tract  of  ascending  fibres  (4  in  fig.  439)  situated  at  the  outer  side 
of  the  tip  of  the  posterior  comu.  It  is  made  up  of  fibres  of 
the  poeterior  nerve-roots. 

Complete  transyerse  section  of  the  spinal  cord  leads  to : — 

z .  Loss  of  motion  of  the  parts  supplied  by  the  nerves  below 

^he  section  on  both  sides  of  the  body.    The  paralysis  is  not  con- 
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fined  to  the  voluiitarr  musclea^  but  includes  the  tDugcukr  fibm 
of  the  bIoo<J- vessels  and  viscera.  HeDce  there  in  fall  of  IJood 
pressure,  pjirHlyeis  of  sphinctenj,  etc, 

2.  Loss  of  sensation  in  the  same  regionis* 

3.  Degenemtion,  ascending  and  descending,  on  both  ddei  q( 
the  cord. 

Hemiseation., — If  the  operation  performed  is  not  a  oompkbe 
cutting  of  the  spinal  cord  across  transversely,  but  a  cuttiiig  of 
half  the  cord  across,  it  iu  termed  hennsectton. 

This  opejatiou  leads  t4>  :— 

1.  Loss  of  motion  of  the  part^  supplied  bj  the  uerrtt'lidat 
the  section  on  the  ainue  side  of  the  body  aij  the  injury. 

2.  I^ss  of  sensation  in  the  same  region.     The  loss  of 
is  not  a  very  prominent  symptom,  and  is  linaited  to  the  senwof 
localisation  and  the  muscular  sens^.     The  animal  can  still  hi 
sen sjit ions  of  i>iiin  and  of  heat  and  cold. 

3.  Dcgenemtjon,  ascending  and  descending,  nearly  eniiitiT 
confined  to  the  stime  side  of  the  cord  as  the  injnry.  These  m 
shown  in  the  photo-micrographs  {fig.  444)  on  the  opposite  page, 
the  small  text  beneath  which  should  be  carefully  studied. 

Differenrrn  in  different  ftghatM  (*/  thf  sjfiAal  tord. — The  OtJtliuft  of  tit 
prey  matter  and  the  reUtivc  prtjportton  of  the  white  mattef  titt« 
in  different  nrgions  of  the  spinal  eord,  and  it  i«,  therefore,  penibU  to  tdl 
approximately  from  what  n:gion  any  jfivGn  tr&nKverse  mctkm  ol  tk 
spinal  cord  htm  hvexi  tnken.  I'hc  white  matter  increases  in  anunmt  froa 
below  upwanlp.  The  nmuunt  oF  grty  matter  varies;  it  is  greateit  ia  the 
cervical  and  linnlmr  enlArgcmcnts.  vi^E.^ai  anil  about  the  5th  lambiif  tad  (Al 
cervical  nervL>  and  len^t  in  the  tbomcic  region.  The  gn^test  dertJi^vttt 
of  grey  matter  crorresponds  with  greatest  number  of  nerve-fibres  pMginf  ffn 
the  cvn\. 

In  the  Cf'rrii'iti  fnhirgrmtitt  the  grej  matter  occupies  a  lAige  pfoportia 
of  the  section,  ihu  grey  d.^mmii^iive  is  short  and  thick,  the  anterior  nom  a 
blunt,  whilst  tht^  poiirericjr  is  ikimcwhat  tap<^Hng.  The  anterior  &nd  pofittiior 
ro<^)t8  run  s»<iniu  »histnn<'c  tlinmph  the  white  matter  before  tbey  rcAch  tbt 
|teri[>lu'ry.  At  the  extreme  upper  part  of  the  cervical  regioD.  the  end  of  ik 
lK)sieri«»r  linin  \>  swuHun  nui  by  excepts*  of  neurvii^lia  into  a  roundeil  tatm 
callL'd  tlu'  fiuiixhintht  ij/ltttimma  0/  JlohndtK  Tht  cervical  eord  is  *riiln 
from  t>ido  to  .si.lu  than  from  befurc  back  :  this  it  owing  to  the  great  widtfa  of 
the  lateral  columns. 

Jh  fhr  (ioixai  nujion  the  ;:rey  matter  bears  only  a  small  proportion  to  the 
white,  a:i  i  The  jK^stori«»r  n'ots  in  particular  run  a  long  course  through  the 
wliitt'  inittt-r  aftor  th»*y  enter  the  cord;  the  grey  commissure  ia  thinner 
anil  nirn.wer  th.Mu  in  the  cervical  region.  The  intcrmedio-lateral  tract 
is  hiMv  in-.>t  niaiktr*!.  and  forms  a  prominence  often  called  the  lateral  horn. 
This  is  sh..wn  in  ti^'.  443(1  T).  Clarke's  column  is  also  coDfine<i  to  tbi» 
re^'itu  of  iht-  cord  ;  the  position  of  the  cells  which  make  up  this  column  is 
shown  in  the  same  fi.'ure  (C  c).  The  cord  in  this  region  is  ciicular  in 
transv.r^o  section  (sjoe  also  fit;.  444  C), 

In  thi'  lumbar  cHlargt-mcnt  the  grey  matter  again  beare  a  very  large  pro- 
portion to  the  whole  size  of  the  transverse  section,  but  its  posterior  coniua 
shorter  and  blunter  thaii  VYi^^  %>t^  m  XVi<^  oaivoii  t«^<^&,^    The.  ^^ 
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eommisiiii^  b  ihort  and  extremely  narrow'. 
tene  fection* 


The  cord  ifi  circular  da  tmix»- 


jij  thi4  wbfjJe  of  I  be  transverse  secHon^  ss  it  is  only  mvested  by  a  tliio 
A  B 


^^  At  ikr  upprr  part  oftht  <wmwjf  tHf-dvUnri/t^  iphich  ig  the  portion  of  the  cord 
^BDmediftldj  below  the  lumbar  enlarptitneiit,  the  grey  ftitbstiincr  oecujjies 


fi  444,— The  ftbovt  dingmnui  u^  reprodiicti4iiiR  of  nhoto-nucttignpht  ftotn  tbe  wpbmX 
(lord  of  «  rooiikey  in  whieb  the  jiromtitni  of  left  iMnriMctSoa  hmA  hem  perfonned 
tome  weeks  prtvifiiuly'  (Mott),    Tfie  wctaoiiA^  wem  KtHcned  by  Wer8«i*ii  methud,  bjr 

^whicb  tb©  ffriej'  nifttter  i>4  blf'saheil.  while  tbe  healthy  »bit«  mjttt^  tvtmaiitB  dark  blue. 
Tlie  4^'nemted  trad:*  are  nbuj  bleached.  A  tif  ft  r^tiUm  of  the  cord  in  the  thjondc 
regi'im  below  the  lenon ;  the  crwM^  iiymmidnl  tmct  in  ^ngeaanted.  B  is  a  section 
ktwef  down  la.  tjio  IiuiiImt  enjArgrsnieiit ;  the  degent'tiated  pffaaidAl  teSAt  is  bov 
naallsr,  C  ia  &  Motion  in  thb  tbontdc  rt^iin  fMjme  littler  di«tftxic«  ebov^  the  lesion. 
Tba  dflfeattftted  trnji^  wfm  are  m  tbe  oiiti  r  part  of  HoHV  roluroji  and  in  the  dijnect 

^itet^^BiMr  tfKct,  D  is  &  wctian  ta^hvr  up  m  thn  cersiviil  n^on ;  the  df^fc^nemtifin  m 
OolI^BpiiJninnnoflf  o(^ouplei  a  median  po^rition ;  tlic  deg«neivuuii»  in  the  direct  e«Ti;belUr 
tnn%  and  in  the  b^ut  d(  Gnwcnt  am  hInq  well  ihnwit.  Notice  that  in  all  «£Aea,  the 
degpeiaeimttfd  tiacta  are  on  th^  ipaDii}  aidtr  da  the  iojuf}'. 

Iftjcr  of  white  tsttb^tanct?.    This  thin  layer  is  wantivig  in  tbe  neiKbbonrhood 
■  &f  the  jK>5terior  norve-roots.     The  grey  cnmmiBsare  is  extremely  thiek. 

At  fhr  Irrt^l  tt/  tht^  ff/lh  mt^ral  mri'e  tlie  grey  matter  ia  a!^  in  exceflfl, 
lud  the  eeiitml  cnnal  \a  enlarged,  appearing  T-sbapeH  in  section  ;  whilst  in 
'le  upptr  port i OK  *>/  Ike  jHuviUfminale  the  grey  matter  la  uniform  in  shape 
ithoat  any  central  caual. 


1%,  415.— BftNe  rtf  Uif?  bmin.     t ,  8ti|^rrit>i  lu-oifitwhiuJ  A«mtv;  s,  t^  i  ,  KSte 

lolw  ;  J.  flssniY  nf  ^'Itiiis,  1^H>twpf'n  nntrTifir  And  ^,  ^\  ^",  middle  OBl«b|%t  lobe;  ^  c', 
Iio*¥tmnr  IoIh' ;  6.  cni^iullH  ciMonirAta;  tlic  flfftiTe  ii  in  tike  nght  snUfior  Qyttnhl. 
T^ 8,  g,  la,  tliP  eeTftfwlhipi ;  + ,  the  Inferior  Yefmlf^irni  pffmcw.  Tlifc  Hgniss  mflu  1,  ^ 
IX.  lire  i^libYMH  PiKHitiflt  ihr  eannpotidii3t|r  tHjmbml  bisnmB'  IH.  u  |iuiHd  oti  I4ie  rarhf 
«fWi  ceKliii,.  Vt.  ftnd  YII,  cm  tlt«*  |v>ii»  VuoUi ;  X.  tht  uHt  svrvioftl  or  ■uboeafilit 
Dorve.    (AJlen  ThomiKiD^)    i. 


easenttnl  facts  in  its  anatomy  wUt  be  attuimible  with  coiupamtif« 
ease.  All  neqiiaintmice  with  the  structure  of  the  bniin  is,  more- 
over, eB^ential  fgr  imderatautliiig  m  funotiotis.  8<i  we  sh^II 
devote  this  and  a  few  succeeding  clmptera  to  auatomioal  oonip'de^ 
rations,  before  paa&mg  mv  to  t>\e  %ti.\A^  ^^  \^  T^k^^vQlo^ej. 
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An  outline  diaLrrani  of  its  parts,  such  as  is  pivsmtcil  in  tlio 
next  figure,  will  iiulicate  the  various  parts  of  the  Inain  which  we 
shall  have  to  take  into  consideration. 

At  the  lowest  part  of  the  brain,  continuing  the  spinal  cord 
upwards,  is  the  medulla  oblongata  or  btdb  (D).  Next  comes  the 
ptmB  Varolii  (C),  verj  appropriately  called  the  bridge,  because  in 
it  are  the  connections  between  the  bulb  and  the  upper  regions  of 
the  brain,  and  between  the  cereMlum  or  small  brain  (B)  and  the 
rest  of  the  nervous  system. 


F%. 


446.— nan  in  ontline  of  the  brain,  an  seen  from  the  right  side.  \.  The  parts 
are  represented  as  separated  from  one  another  somewhat  more  than  natural,  so  as  to 
■how  their  connections.  A,  cerebrum  ;  /,  ^,  ;^,  its  anterior,  middle,  and  posterior  lobes ; 
e,  flHore  of  Sylvius ;  B,  cerebellum  ;  C,  pons  Varolii ;  D,  medulla  oblongata ;  a, 
peduncles  of  the  cerebrum ;  &,  c,  cf,  superior,  middle,  and  inferior  peduncles  of  the 
oenibdliim.    (FromQuain.) 


The  midrbrain  comes  next  (a,  />»),  and  this  leads  into  the  peduncles 
or  crura  of  the  cerebrum  (A),  the  largest  section  of  the  brain. 

Through  the  brain  runs  a  cavity  filled  with  cerebro-spinal  fluid, 
and  lined  by  ciliated  epithelium  ;  this  is  continuous  with  the 
central  canal  of  the  spinal  cord.  In  the  brain,  however,  it  does 
not  remain  a  simple  canal,  but  is  enlarged  at  intervals  Into  what 
are  called  the  ventricles.  There  is  one  ventricle  in  each  half  or 
hemisphere  of  the  cerebrum ;  these  are  called  the  lateral  ventricles 
they  open  into  the  third  ventricle^  which  is  in  the  middle  line; 
and  then  a  narrow  canal  {aqueduct  of  Sylvius)  leads  from  this  to 
the  fourth  ventricle,  which  is  placed  on  the  back  of  the  bulb  and 
pons^  which  form  its  floor ;  its  roof  is  formed  partly  by  the  over- 
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hanging  cerebellum  (fig.  446),  partly  by  pia  mater.     This  pieee 

of  pia  mater  is  pierced  by  a  hole  (Foramen  of  M<ig€ndU\  uui  10 

the  cerebro-spinal  £uid  in  the  interior 
of  the  cerebro-spinal  cavity  is  con- 
tinuous with  that  which  bathes  tiie 
external  surface  of  brain  and  cord  m 
the  sub-arachnoid  space.  The  fourUi  ^ 
ventricle  leads  into  the  central  canil  j 
of  the  spinal  cord.  The  fifth  ventiide  - 
in  the  central  structures  of  the  brain 
does  not  communicate  with  the  others. 
The  cerebro-spinal  fluid  is  a  thin  wateij 
fluid,  containing  a  small  quantity  of 
salts  and  proteids  in  solution,  and  a 
substance  which  gives  Trommer's  test 
for  sugar  ;  it  is,  however,  not  sugar, 
but  a  substance  of  the  aromatic  gronp, 
allied  to  pyrocatechin. 

Before  passing  on  to  describe  these 
portions  of  the  brain  one  by  one,  it 
will  be  convenient  to  state  first  a  few 
general  facts. 

(L)  In  the  Mb ;  at  the  lower  part,  the 
distribution  of  grey  matter  follows 
that  which  prevails  in  the  cord.  Higher 
up  the  chief  part  is  found  towards  the 
posterior  or  dorsal  aspect,  surrounding 
the  central  canal.  When  the  central 
canal  opens  out  into  the  fourth  ven- 
tricle, the  grey  matter  comes  to  that 
surface  chiefly,  and  is  found  to  conaist 
more  particularly,  on  either  side,  of  the 
nuclei  of  origin  of  the  cranial  nerves, 
viz.,  the  12th,  nth,  loth,  9th,  and 
8th,  and  more  externally  of  the  nucleus 
gracilis  and  nucleus  cuneatus.  In  ad- 
dition to  these  masses  of  grey  matter 
there  are  the  olivary  bodies  towards 
the  ventral  surface  with  the  cuxeucry 
olives  and  the  external  arcuate  nuclei, 

placed    at    the   tip    of   the  anterior   fissure   on    either    side  on 

the  ventral  surface  of  the  anterior  pyramids. 

(ii.)  In  the  pons  Varolii, — In  addition  to  the  origins  of  nerves 

in  the  floor  of  the  fouTth  veiitxYcl^  oxi  tlvA  dorsal  suspect  of  the 


hori- 


Fig.   447.— Diagrammatdo 

zontal  section  of  a  vertebrate 
brain.  The  figures  aerve  both 
for  this  and  the  next  diagram. 
i/6,  mid-brain  :  what  lies  in 
front  of  this  is  the  fore-,  and 
what  lies  behind,  the  hind- 
brain;  X(,  lamina  termina- 
lis;  Ol/y  olfactory  lobes; 
Hmn^  hemispheres;  Th.  E. 
thalamenoepnalon;  P»,pineal 

5 land;  Py,  pituitary  body; 
\M.,  foramen  of  Mimro ;  f«, 
corpus  striatum  ;  Th,  optic 
thaiamuH ;  CC\  crura  cereori : 
the  mass  lying  above  the 
canal  represents  the  corpora 
quadrigemina ;  Ch,  cerebel- 
lum ;  Jf.o.,  medulla  oblon- 
gata ;  I— IX,  the  nine  pairs 
of  cranial  nerves ;  i,  olfactory 
ventricle ;  2,  lateiul  ventricle ; 
3,  third  ventricle  ;  4,  fourth 
ventricle  ;  +,  iter  a  tertio  ad 
quartum  ventriculum. 

(Huxley.) 
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pons^  viE.i  of  the  7  th,  6th,  and  5  th  nerves^  there  are  severa] 
masses  of  grey  matter,  viz,^  in  the  back  part^  the  jutperi&r  olit^e 
and  in  the  front  part  the  hem  ctm^uleiUt  m  well  aa  small 
amounts  of  the  same  omterial  mixed  with  tihres  iu  the  more 
Tentral  surfuce. 

(liL)  In  the  mid-braiu,  the  grej  matter  prepundenttes  in  the 

»torpora  ffuadrigeminftj  and  corpr/ra  [frnieulata.  It  is  also  found 
kurrounding  the  aqueduct  of  Sylvius  (where  it  giveH  origin  to 
toe  third  and  fourth  nerves)  and  iu  other  part*^  of  the  crura, 
notably  such  masses  as  the  rt^d  nu^^lt^iis  and  suMtdHtm  ni//ra. 
(if.)  In  the  cn-ef/r^al  hemiBpheres^  the  cerebral  cortex  is  made  Up 
»  of  grey  nsatter  which  encloses  white  matter  ]  the  cfirpoira  ntH^Ua 
^Hnd  optic  ihalami  at  th&  baae  of  the  brain  are  made  up  chiefiy  of 
^grey  matter. 

(v*)  In  the  ca-fheUmih   tlie  grey  matter  forma  the   encasing 


a  V 


] 


MO 


f^.  4^S,-'Lon^tudiiiiil  aud  \<  •  mmatia  tiecd<m  of  h  vertebimti;  bmin.    Lettan 

line  joining  Fh  mud  Py.    (il.^.^ ,,  , 

material  of  the   wlilte  matter*      In   the   interior  too  there   are 
masses  of  grey  matter  forming  the  corp/ra  den  lata. 

Speaking  gcnemlly,  there  are  two  njain  coUectiouH  of  grey 
matter- — ^that  on  the  anrface,  and  that  in  the  interior  bordering 
on  the  cerehro-gpinal  cJi^'ity^  and  subdivided  into  various  maases 
(corpora  striata,  optic  thalami,  ifcc),  whose  names  have  been  men- 
tioned,  but  whose  closer  acquaintance  we  shall  make  presently. 

The  cerebral  or  cranial  nerveis,  some  of  whieh  have  also  been 
naentioned,  arc  those  which  originate  from  the  bmin  ;  there  are 

^twelve  paijfB  of  these  altogether,  and  all  of  them^  witli  the  excep- 
tion of  the  first  and  second,  originate  from  nerve-cells  in  the  grey 

^matter  of   the  floor   of  the    fourth  ventricle  or  its   immediate 
neighbourhood. 

In  the  foetus  the  central  nermtis  system  is  formed  liy  an  in- 
folding of  a  portion  of  the  surface  epiblast.  Thig  becomes  a  tube 
of  nervous  matter,  which  loses  all  connection  with  the  surface  of 
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the  body,  though  later  in  life  this  is  in  a  sense  re-establiibed  by 
the  nerves  that  grow  from  the  brain  and  cord  to  the  Boxkot, 
The  anterior  end  of  this  tube  becomes  greatly  thickened,  to  font 
the  brain,  its  cavity  becoming  the  cerebral  ventricles ;  the  rtH 
of  the  tube  l)ecome8  the  spinal  cord.  The  primitive  brain  is  it 
first  subdivided  into  three  parts,  the  primary  cerdmd  veMa; 
the  first  and  third  of  these  again  subdivide,  so  that  there  ut 
ultimately  five  divisions,  which  have  received  the  foUowiDg 
names : — 

1.  Pros-enoephalon,  or  fore  brain.  This  is  developed  into 
the  cerebrum  with  the  corpora  striata.  It  encloses  the  latenl 
ventricles. 

2.  Thalam-enoephalon,  or  twixt  hrain.  This  is  devdoped 
into  the  parts  including  the  optic  thalami,  which  endose  tbe 
third  ventricle. 

3.  Mes-enoephalon,  or  mid  brain,  consists  of  the  parts  which 
enclose  the  aqueduct  of  Sylvius — namely,  the  corpora  quadn> 
gemiua,  which  form  its  dorsal,  and  the  crura  cerebri,  which  fonn 
its  ventral  aspect. 

4.  Ep-encephalon,  or  hind  brain,  which  forms  the  cere- 
helium  and  pons. 

5.  Met-enoephalon,  or  afi^  brain,  which  forms  the  bulb  or 
medulla  oblongata. 

Figs.  447  and  448  represent  a  diagrammatic  view  of  a  verte- 
brate brain ;  the  attachment  of  the  pineal  gland,  pituitary  body, 
and  olfactory  (I)  and  optic  (II)  nerves  is  also  shown. 


CHAPTER   XLIV, 

STRUCTURE    OF    THE    BULB,    PONS,    AND    MID-BBAIN. 

We  may  study  the  bulb  and  pons  by  examining  first  the 
anterior  or  ventral,  then  the  posterior  or  dorsal  aspect,  and  last 
of  all  the  interior. 

Anterior  Aspect. 

The  bulb  is  seen  to  be  roughly  shaped,  like  an  inverted  trun- 
cated cone,  larger  than  the  spinal  cord,  and  enlarging  as  it  goes 
up  until  it  terminates  in  the  still  larger  pons  (tig.  449,  p).    In  the 
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iddle  \Um  in  a  groove,  which  is  ft  contimiatlon  upwards  of  the 
it«rior  iiiiHiian  fiasure  of  the  apitial  cord  ;  the  columns  of  the 
bulb  urc»  Bpenkhij^  roiiglily^  ctrntiiivialinnH  uj wards  of  those  of  the 
L>r<l,  but  tiicne  ia  b  comsidemble  rt*iirntn|femenl  of  the  fibres  in 
cb.  Thu^  the  prominent  eohmnis  iu  thy  middle  !ine,  eaUed 
be  p^ramifh  {a  n),  are  composed  of  the  pyrsmiidrd  fibres,  which 


H,  J49.^Yt50ti%l  or  uiiehor  nTiHuct  of 
ih«poiii  VaralU*  and  mcdfillft  wblon- 
g»te.  a,  a,  pfTftnildii  ^.  tfa«ird»i]«- 

nMtiform  bodiea;  ■'*  arcfforiii  flbiwi ; 
/i  HbrM  piUdinif  frt>rn  tbe  Anterior 
QDltiina  of  th*"  t}<)rd  t4>  tbf  «ere- 
b«Uuin  ^  47,  nnterior  cnlunm  af  tb^ 
sptaal  coi^;  ft,  ktomi  column;  f^ 
potm  Yitrdlii ;  1,  itA  tipfx>r  ttbret; 
5.  5t  TQoU  of  thff  fifth  piiir  of  ut^n'iii. 


F%.  450,— r*ur»al   or  pcmkTJuf  HurfjuM.' 
at  the  po&c  Yarolu,  f^atpom  qatkd^ 

*l%e  pedimp!e9  of  the  cefeliQUiim 
Me  cot  libcvt  lit  the  iiiidepi.  AfA^tbe 
upper  pait  of  eorpoim  quadri^ 
gvmjiitt  *  fc,  ft*  the  lower  \  A  ^.  ffnp^- 
nor  [w>dani^le^  of  the  rorebdltiiu ; 
i,   «mm«iice   cjnnerted   with  tbs 

^  thnt  fif  tbc  gIoiMH>bii}Tng«iil 
n  ^^t  of  the  niiruM  xiei^^ ; 

M  -  :    t,  t%  ffrooTO  {n  tht? 

tn].i4iu  ml  tb«j  fcnirUi  Yeii&iclet 
eneJin^  bfitow  id  the  c&lttDiUi  pntip- 
ti>KoA ;   7,  7,  TOoU  af  the  auditory 


til  the  spinal  cord  are  Hitvjated  pHucipally  in  the  lateral  columns 
of  the  oppoHite  ^sde  (crossed  |nmmidal  tracts).  The  deeiisaatiou 
or  croaaing  of  the  pyramids  (A)  occurs  at  their  lower  part  ;  a 
small  collection  of  the  pyramidal  fibres  is,  liowever^  conthmod  down 
the  conl  in  the  anterior  cohtmn  of  the  same  side  of  the  cord 
(direct  pyramidal  tract) :  these  cTiJtm  at  difft^rent  levels  in  the 
oorfl. 

Oil  the  outer  side  of  each  pymmid  is  an  oval  prominence  {e  c), 
which  is  not  represented  in  the  spioal  cord  at  all.     These  ftPe 
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called  the  oHvaiy  bodies  or  olives  ;  they  ooiifiiBt  of  vbite  mitler 
outside,  with  grey  and  white  matter  in  their  interior. 

The  reHtform  iKtdiet  at  the  sidetj  (d  d)  are  the  continnatioii 
upwards  of  those  tibres  from  cord  atid  bulb  which  enter  tKe 
cerebellum,  and  the  upper  part  of  each  reatifonn  body  ia  calM 
the  inferior  ftcdtmcle  of  the  cereMlum,* 


FoBterior  Aspect, 

Fig.  450  shows  a  surface  view  of  the  back  of  the  bulh, 
pons,  and  ui id- brain.  Again  we  recojrnise  some  of  the  pana  d 
the  spinal  cord  continued  upwards,  tliough  generally  with  new 
names,  and  again  we  see  certain  new  structures. 

The  posterior  mediun  fisanre  is  continued  upwards,  and  on  md. 
side  of  it  is  the  prolongation  upwards  of  the  posterior  oolunmi  of 
the  cord.  The  column  of  Goll  is  now  called  the  FuninUu4 ^pudlit^ 
and  the  column  of  Burdach  the  Funictdus  cuneatus. 

The  two  funiculi  graciles  lie  at  firnt  side  by  side,  but  eooci 
diverge  and  form  the  two  lower  boundaries  of  a  diamond-shflped  1 
space  called  the  Jfoar  of  the  fourth  vmtmcle  ;  this  is  made  of  1 
grey  matter ;  the  central  canal  of  the  cord  gets  nearer  and  nearer 
to  the  dorsal  surface  of  the  bulb,  till  at  last  it  opens  out  on  the 
back  of  the  bulb,  and  its  surrounding  grey  matter  is  spread  out 
to  form  the  floor  of  the  fourth  ventricle.  The  two  upper  boun- 
daries of  the  diamond-shaped  space  are  made  by  the  superior 
peduncles  of  the  cerebellum,  which  contain  fibres  coming  down 
through  the  mid-brain  from  the  cerebrum.  The  middle  peduncles 
of  the  cerebellum  are  principally  made  up  of  fibres  running  from 
one  cerebellar  hemisphere  towards  the  other  through  the  pons. 

Running  down  the  centre  of  the  floor  of  the  fourth  ventricle 
is  a  shallow  groove  ;  on  each  side  of  this  is  a  rounded  longitudinal 
eminence  called  the  funicidus  teres  ;  running  across  the  middle  of 
the  floor  are  a  number  of  fibres  (the  strim  acousticce),  which  join 
the  auditory  nerve. 

In  the  upper  part  of  the  diagram  the  mid-brain,  with  the 
corpoixi  quadriifemina  (a  a,  h  h\  is  shown.  Here  there  is  once 
more  a  canal  which  penetrates  the  substance  of  the  mid-bndn, 
and  is  called  the  aqueduct  of  Sylvius,  or  the  iter  a  tertio  ad 
quartwn  ventnculum ;  it  leads,  as  its  second  name  indicates,  from 
the  third  to  the  fourth  ventricle. 


•  Each  half  of  the  cerebellum  has  three  peduncles  :  inferior,  middle,  and 
saperior. 


.  XUT-] 


k 


THK   OKAKUL  NERVEfl, 


Origlm  of  the  Cranial  Nerve  §. 


60^ 


Eftch  eraiaial  nerve  Lb  said  to  have  two  origina :  a  deep  origifi^ 
k**.,  the  region  of  grey  matter  where  ita  fibres  actually  ariae  fmin 
^Mnre-eellii ;  ajid  vk  mperjkial  origifi^  the  region  of  the  brain's  stir- 


M^ 


Id.  isr^—lJtfEiid  or  pc»t*inur  ticw  of  X\m  medulla^  louith  Teatride,  tnd  meaenQqiluklofn 
(lutiu^  Biie).  p.R.p  line  of  the  pontniot-  tixM  of  tlie  npfn&l  tierm  ;  p.i«/.,  poiit«rto(r 
mediui  ftwrof^;  fg.,  fQijieuliiB  grftcili«^  c^,  it«  conUnuiatiai],  eAll«^  tn«  cIas'a; 
f^.f  runicqliiB  euneatiui;  /,if..  f^micalqii  cff  Rolando  ;  r.^.,  r^tlfonn  hoAji  ey*,i  CtUa- 
miu  «n|>to[riua ;  l^  leeUini  of  ligulii  ur  tjimjii ;  pti^  of  efaoruid  plcxwi  is  amu  1»DeAt]| 
it;  ^r-,  Uteial  IWW8  ol  lb*  twitricle  ;  jffr,,  ftrim  dcouftticB*;  1/,,  inferior  fawn; 
«^..  superior  fcnsa ;  twtween  it  und  the  piedimi  jmlcuH  10  Che  fascicuIuJi  (ctn  ;  r£/.,  uat 
■arface  of  Uie  oenbcllu'  hsniiphtire ;  ind,,  eenCnJ  or  f»y  mutter;  f.w.f.,  supciiOT 
marlilllifcty  veslttni ;  N^^^  liguLL  :  j.c.^.^  tuperior  cerebdJAr  ptsaunclft  cut  lonfiritudmnlly  \ 


(Buperior  and  infmor) ;  /«*.»  fnHuilum  \  /,♦  flbrea  ol  the  mlet  Kea  on  the 
of  tttt  tiegtm^ntum  ;  c-.,  fdniBtA  ;  Ug.^  tftteiml  iptHive  ;  cj-i't  «<)ipu»  ^cuiduJiituro 


^  /,,  flbrefl  of  the  miet  Kea  on  the 

^ ,      , ,    „,_„»!  fcroove;  e.^.f.^  «<)ipu»  ^cuiduJiituro 

inteznufl;  f,A.»  poflt&rior  pArt  of  tlulAiniu :  «.«  pininl  ^odf.    The  Bi>miui  nnmtkm 
indicftte  the  Dorraponding  cthuJaI  nenroi.    (E.  A.  Schiifer. ) 


Face  where  the  nerve,  afer  coursing  through  the  brain  eubstance, 
^tually  leaves  it  for  its  destinatbu. 

The  deep  origins  of  the  cranial  nerves  will  especially  intere&t 
ufl  as  students  of  physiology.     There  are  twelve  pairs  of  cranial 


t 
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nerves  altogetber,  aud  of  thes6>  ten  origitiate  from  the  floor  of  ib« 
fourth  ventricle  or  the  neighbouring  grej  matter 

This  will,  moreover^  h&  a  convenient  place  to  describe  not  onlj 
the  origin,  but  also  in  brief  the  functioos  of  the  cranial  Desra. 
Fig.  451  ahowa  a  surface  view  of  thi«  part  of  the  hmk 
with  the  nerves  attached,  and  the  following  one  (5g.  452)  vhxm 

m  a  diagrammatie  w^ 
their  deep  and  superficiil 
origins. 

It  will  be  noticed  tlut 
many  of  the  cranial  uentg 
are  not  miiied  like  tbeifi- 
nal  nerves,  but  are  eitbt? 
wholly  sensory  or  vhollj 
motor  in  function. 

1.  Oifact<^t/  ntrve.-^ 
This  is  the  nerve  of  smeJl 

2.  Optic  Tifrvt. — Thk 
is  the  ner\'e  of  sight 

These  two  pairs  of  len* 
sory  nerves  c^me  unde 
a  different  category  froos 
the  rest,  and  will  be  d& 
scribed  later.  It  is  Iht 
remaining  ten  pairs  that 
originate  from  the  tract 
of  grey  matter  we  sue 
discussing  just  now. 

3.  Motor  ocuU. — Thiflii 
wholly  motor.  It  supplies 
the  following  extrinsic  eje- 
muscles :  superior  rectus, 
inferior  rectus,  intenud 
rectus,  inferior  oblique  aod 

levator  palpebraj ;  and  the  following  intrinsic  eye-muscles  (u^ 
within  the  eyeball  itself)  : — the  ciliary  muscle,  and  the  sphincter 
fibres  of  the  iris.  Its  deep  origin  is  in  the  grey  matter  on  the  side 
of  the  Sylvian  aqueduct  underneath  the  corpora  quadrigemina. 

4.  Troahlear. — This  is  wholly  motor  too.  It  supplies  the 
superior  oblique  muscle  of  the  eyeball.  It  takes  origin  from  the 
grey  matter  immediately  below  the  centre  of  the  third  (not 
shown  in  figure) ;  its  centre  is  connected  with  that  of  the  third 
and  sixth  nerves. 

6.   Ahihicensi. — It  is  convenient  to  take  this  next.      It  also  is 


Fi<f.  452.— Four tb  Tenlricle,  with  tfie  lOAdtilJa  ob- 
longata aiiti  Hiv  Ciirpom  qujidrifremiaii.  Ttie 
Roman  nunilK'ni  indi^  uto  sUTH^r^riiil  cn-igJUJi  of 
the  craniul  (u-nw.  Tvhile  the  othe*  nuniben 
indicate  tb<  ir  cb  t  T^  firifriuc.  or  the  poMrtJoo  of 
their  central  nuclei.  8,  8',  8",  8*  ,  auditoiy 
nuclei ;  f,  funiculujs  teres ;  A,  B,  corpora  quad- 
rigemina  ;  c.  g.,  corpus  geniculatum;  p.  e.,pe- 
dunculuH  cerebri ;  m.  c.  p.,  middle  cerebellar 
peduncle ;  s.c.  p.,  Buperior  cerebellar  peduncle ; 
t.  c.  p.,  inferior  cerebellar  peduncle ;  I.e.,  locus 
coBnileuH;  «.t.,eminentia teres;  n.c.,alacinerea; 
a.  n.,  accessory  nucleus ;  o.,  obex ;  c,  clava ;  /.  c, 
funiculus  cimeatus  \  /.  ff.,  funiculus  gracilis. 


THE  CRANIAL   NEBVES^ 


6it 


^wholly  motor,  supplying  the  extanial  rectus  of  the  eyebalL  Ita 
43eiitre  is  in  th@  upper  p&rt  of  the  f  oor  of  the  fourth  ventride, 
tiear  the  nuddte  line* 

5*  Tri^tttHfioi, — This  is  a  mixed  nerve,  Ita  smaller  motor 
dtYtsion  supplies  tbe  muscles  of  mastication ;  its  larger  sensory 
diYtsioUi  the  Oasseriau  ganglion  on  which  corresponds  to  the  spinal 
LDgliou  on  A  spiiiril  nerve,  is  the  great  nensory  nerve  of  the  face 
Qd  head.  Ita  deep  origin  is  altso  double*  The  mottfr  centre  h 
Eitenial  to  the  sensory^  and  from  it  reach  a  number  of  fibres 
etching  upwards  zis  far  as  the  anterior  corpus  quadrigeminum ; 
is  termed  ita  descending  root ;  it  m  also  conuoctad  with  the 
co^rtiirjis.  The  AtnAort/  centre  or  michit^  outside  the  motor 
>  connected  with  it  a  tract  of  fibrcB  from  the  cord  aa  low  aa  the 
and  cervical  nen^e  (ascending  root)  (Hg.  45  2^  5^). 

7,  FacuiL — This  is  the  great  motor  nen'e  of  the  face  moscles. 
[leti  it  is  paralysed,  the  muscles  of  the  face  being  all  powerless, 

tie  countenance  acquires  on  the  paralysed  aide  a  characteristic, 

It  look,  from  the  absence  uf  all  exprcasiou :  the  angle  of  the 

auth  m  lower,  and  the  paralysed  half  of  the  mouth  looks  longer 

that  on  the  other  side  j  the  eye  has  an  umneaning  a  tare, 

ring  to  the  paralyaiii  of  the  orbicularis  palpebrarum.     Ml  these 

^uliaritiaa  increase,   the  longer  the   paralysis  lasts  :  and  their 

arauoe  is  exaggerated  when  at  any  time  the  inusoles  of  the 

iite  wide  of  the  fate  are  made  active  in  any  eApreasion,  or  in 

^of  their  oKlinary  functionjj.     In  au  attempt  to  blow  or  whistle, 

He  aide  of  the  mouth  and  cheeks  acts  properly,  hut  the  other  side 

motionless,  or  flaps  loosely  at  the  impulse  of  the  expired  air ; 

in  trying  to  suck^  one  side  only  of  the  mouth  acts;  in  feeding, 

■^the  lips  and  cheek  are  f»owerless,  and  on  account  of  paralysis 

of  the   buccinator  muscle  food  lodges  between  the   cheek  aud 

gums* 

The  deep  origin  of  this  nerve  isi  sihown  in  the  diagram  below 
that  of  the  iifth,  and  to  the  outer  side  of  that  of  the  sixth  nerve. 
The  chorda  tympani  nerve,  one  of  the  branches  of  the  seventh, 
we  have  studied  in  connection  with  secretion  and  vaso-dilatation, 

8,  AmlitfJT^. ~'X\im  nerve  leaves  the  hinder  margin  of  tlie  pons 
by  two  roots.  One  winds  round  the  restiform  body  dorsal  to  it, 
aud  the  other  passes  ventro-mesially  on  the  other  side  of  the 
restiform  body.  The  former  is  called  the  dorsal  rouU  The  latter 
is  called  the  mnfral  rooi.  The  dorsal  root  contains  a  large 
number  of  nervc-eells,  wlilch  give  origin  to  many  of  itii  fibres. 
Ventral  to  the  iT^tiforni  bxly  and  between  the  two  roots  is 
another   mass   of  ganglion   cells,   the   aecrstoj-f/  auditor t/  nncleut^ 

ligher  up  these  two  collections  of  cells  blend  to  fomi  a  uejitral 

a  fi  2 
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nucleus,  for  thii  diYiBioii  of  the  ftuditory  tierve.  Sotni  of  ^ 
fibres  of  this  toot  b,t6  supertieial  iu  potdtion,  and  form  the  mia 
acottsticce  across  the  ventricular  floor.  This  root  beeomei  ibc 
cochlear  branch  of  the  auditory  nerve ;  it  is  the  auditoty  nnrt 
proper,  and  it  i»  mainly  diBtribnted  to  the  aochl^i  of  the  iutetml 
ear.  The  ventral  root  originates  trom  a  collection  of  nerve  edk 
(fig.  452,  8)  external  to  the  glo«$Bo-pharyngea!  nucleus,  called  tbe 
inner  or  dorsril  audiU/iy  ftucleu$.  This  root  becomes  the  vestiba- 
lar  division  of  the  auditory  nerve  and  is  distributed  to  the  utnck 
and  semicircular  canals  of  the  internal  ear. 

Ventral  to  the  inner  Huditoiy  nucleus  i»  a  collection  of  Ui^ 
nerve  cells,  formerly  called  the  outer  auditory  nucleua^  but  mm 
known  as  the  imcteus  of  Deiters.  Its  cells  are  connected  with  thou 
of  the  cerebellum, 

9,  10,  II. — These  three  nerves  are  called  respectively  the 
glos90-phari/nf^mi^  vax^u*  or  pntmnofjaiUriCy  and  spinal  OGoetKrf, 
They  arise  from  an  area  of  grey  matter,  reaching  from  ftbomt  ikt 
middle  of  the  floor  of  the  fourth  ventricle  down  into  the  Bpba. 
cord,  as  low  as  the  origin  of  the  sixth  or  seventh  cervical  nerreL 
The  nuclei  of  the  three  nerves  are  closely  connected  with  each 
other. 

In  addition  to  this  combined  nucleus  there  are  certain  latenl 
contributions,  namely : — i.  the  nucleus  ambiguuSy  which  liee  00 
the  lateral  side  of  the  reticular  formation  and  is  an  acoenoij 
origin  of  the  vagus ;  ii.  the  fasciculus  solitarius,  which  is  situated 
in  the  bulb,  ventral  and  a  little  lateral  to  the  combined  nucleus, 
and  which  is  also  called  the  ascending  root  of  the  gloeso-phanm- 
geal  nerve  or  the  respiratory  bundle ;  and  iii.  the  spinal  portion 
which  takes  origin  from  a  grovip  of  cells  lying  in  the  extreme 
lateral  margin  of  the  anterior  comu.  This  is  the  origin  of  Um 
spinal  accessory ;  it  corresponds  to  the  antero-lateral  nucleui 
of  the  bulb,  and  the  lateral  part  of  the  grey  matter  of  the 
spinal  cord.  The  fibres  of  the  spinal  origin  of  the  nerve  ptn 
from  these  cells  througli  the  lateral  column  to  the  surface  of 
the  cord. 

Tlie  fibres  from  the  combined  micleus,  chiefly  from  the  median 
part,  pass  in  a  ventml  and  lateral  direction  through  the  reticular 
formation,  then  ventral  to  or  through  the  gelatinous  substance  and 
the  strand  of  fibres  connected  with  the  fifth  nerve,  to  the  surfaoe 
of  the  bnlb. 

The  Ijundles  of  fibres  of  the  fasciculus  solitariuB  start  in  the 
lateral  grey  matter  of  the  cervical  cord  and  higher  in  the  reticular 
formation  of  the  bulb  ;  they  run  longitudinally  forwards  to  pass 
into  the  roots  of  the  nintii  nerve. 
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The  (^loaso/'hari/nf/eai  n^-rr^  ij^ives  filanients  through  its  tviiipanic 
branch  (Jacobson's  nerve),  to  the  fenestra  ovuHs  and  fenestra 
rotunda,  and  the  Eustachian  tube,  j)arts  of  the  middle  ear ; 
also,  to  the  carotid  plexus,  and  through  the  petrosal  nerve, 
to  the  spheno-palatine  ganglion.  After  communicating,  either 
within  or  without  the  cranium,  with  the  vagus,  it  leaves  the 
cranium,  divides  into  the  two  principal  divisions  indicated  by  its 
name,  and  supplies  the  mucous  membrane  of  the  posterior  and 
lateral  walls  of  the  upper  part  of  the  pharynx,  the  Eustachian 
tube,  the  arches  of  the  palate,  the  tonsils  and  their  mucous  mem- 
brane, and  the  tongue  as  far  forwards  as  the  foramen  ctecum  in 
the  middle  line,  and  to  near  the  tip  at  the  sides  and  inferior 
part 

Functions. — The  glosso-pharyngeal  nerve  contains  some  motor 
fibres  to  some  of  the  pharyngeal  muscles,  together  with  those  of 
common  sensation  and  the  sense  of  taste. 

The  vagus  or  pneumogastrtc  nerve  has  most  varied  functions, 
giving  branches  to  the  pharynx,  larynx,  oesophagus,  stomach, 
hmgs,  heart,  intestines,  liver,  and  spleen.  Some  fibres  are 
afferent  and  some  efferent  Most  of  these  functions  we  have 
already  studied  in  connection  with  the  organs  just  named.  It 
should  be  particularly  noted  that  the  principal  origin  of  this 
nerve  is  at  the  lower  end  of  the  ventricular  floor,  or  as  it  is 
generally  called,  the  calamus  scriptarius. 

The  spinal  accessory  nerve  arises  by  two  distinct  origins — one 
from  a  centre  in  the  floor  of  the  fourth  ventricle,  and  connected 
with  the  glosso-pharyngeal-vagus-nucleus ;  the  other,  from  the 
outer  side  of  the  anterior  comu  of  the  spinal  cord  as  low  down  as 
the  fifth  or  sixth  cervical  nerve.  The  fibres  from  the  two  origins 
oome  together  at  the  jugular  foramen,  but  separate  again  into  two 
branches,  the  inner  of  which,  arising  from  the  medulla,  joins  the 
vagus,  to  which  it  supplies  its  motor  and  some  of  its  cardio- 
inhibitory  fibres,  which  are  of  the  small  mediillated  variety,  whilst 
the  outer,  consisting  of  large  medullated  fibres,  supplies  the 
trapeiius  and  stemo-mastoid  muscles.  The  external  branch, 
which  is  the  larger  of  the  two,  is  composed  almost  exclusively  of 
motor  fibres.  The  internal  branch  of  the  accessory  nerve  supplies 
chiefly  viscei-o-motor  filaments  to  the  vagus.  The  muscles  of  the 
larynx,  all  of  which  are  supplied  by  branches  of  the  vagus,  derive 
their  motor  nerves  from  the  accessory  ;  and  (which  is  a  very 
significant  fact)  Vrolik  states  that  in  the  chimpanzee  the  internal 
branch  of  the  accessory  does  not  join  the  vagus  at  all,  but  goes 
direct  to  the  larynx. 

12.  Tlielkypoglossal  nerve  Arises  from  a  large  celled  and  long 
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nucleus  in  the  bulb,  close  to  tbe  middle  line,  infiide  the  ocmbiDei 
nucleus  of  tbe  ninth^  tenth,  and  eleventb  nervee.     Fibres  kota 
this  nucleus  run  from  the  ventral  surface  thitsiigh  the  r^mkt 
formation   in  a  s(?rief$  of  bundleS)  and  it  emerges  ffom  &.  pt^^  i 
between  tbe  anterior  pyramid  and  olivary  bodj.     It  is  connected 


^fi>'  453*-  Dia^^mmfttic:  ropresecitatioa  of  dotul  ax^wt  of  medullA^  I>olki,  «nd  luiA-UiB 

with  the  vag'us,  with  the  superior  cervical  ganglion  of  the  sympft- 
thetic  and  with  the  upper  cervical  nei  ves. 

Bistrtbution. — This  nerve  is  the  motor  nerve  to  the  musdet 
connected  with  the  hyoid  bone,  including  those  of  the  tongue. 
It  supplies  through  its  descending  branch  (descendens  tiofit),  the 
stemo-hyoid,  stem o- thyroid,  and  omo-hyoid ;  through  a  special 
branch,  the  thyrohyoid,  and  through  its  lingual  branches,  the 
genio-hyoid,  stylo-gloss  us,  hyo-glossus,  and  genio-hyo-glossus  and 
linguales. 

As  a  motor  nerve,  its  influence  on  all  the  muscles  enumerated 
above  is  shown  by  their  movements  when  it  is  irritated,  and  by 
their  loss  of  power  wVieiv  \t  \ft  ^'ro.V^^^d. 


bv.] 
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A  m^re  eimmerattoD  of  the  destiiiation  of  the  iiervei  ariaiug 
I  the  hiilb  shows  how  Bupremely  importttut  this  »mall  area  of  the 
I  id  for  CftiTving  on  the  organic  fuuHioua  of  life.      It  coiitaittH 
which    regulate    degkititiou^   vomitings   the  secretion  of 
sweat,   kc,^   i*esptration^   the  heart '»   rnoretueuts,  aad  the 
h  motor  nervea. 

The  Internal  structure  of  ttie  Bulb^  Fob  a,  and 
Mid-brain. 

The  structure  of  the  interior  of  these  parts   is   beat  studied 

a  series  of  transverse  seetiona.      We  will  litnit  ourHelves  to 

5ven,  the  level  of  whteh  m  indicated  iu  fig.  453-    The  cerel>ellum 


,.  4M-— ^«^(^  thtujuffh  t]ie  bulb  ttt  the  Itvpl  of  the  deruawitiQiD  of  thu  pyrBmid*.  ii*  fani- 
(WB*  STWulin,  contiauaLJuEi  uf  column  fif  GoU ;  t\  funjculiu  eunc^tuA,  catttlnuiLtioii  of 
tolymn  of  BuTdach  ;  r,  BubstAutin  +n.'Utino*<*  of  BoUiiaot  esoniinaiitira  of  pcxiterior 
hora  of  npbinl  cotil ;  l.  rontinuntioD  nf  Uti  r&l  tnluiiin  of  ttird  ;  a,  lomaiuB  of  part  nl 
Htfl  antetioT  hoTBt  EMSjAmt^  frnm  th«  rrtt  of  ihe  jfrey  matter  by  th*  pyninirdiil  mn%^  p^ 
whkh  are  cnjuHinir  from  the  p^-mniid  of  tha  mod  u]  I  a  to  the  pe»t«rior  part  of  this  lateral 
odnjiin  of  the  oppoalto  aid?  of  ttic  ford.    {After  L.  Diirke.  ] 


tias  been  bisected  into  two  halves  and  turned  outwards,  its  upper 
peduncles  cut  through  to  render  the  parts  more  evident  The 
position  of  our  seven  sections  is  indicated  by  the  transverse  lines 
numbered  i  to  7. 

First  section, — This  is  taken  at  the  lowest  level  of  the  bulb, 
through  the  region  of  the  deeussation  of  the  pyraraids.  The 
similarity  to  the  cervical  cord  will  be  at  once  reeogniged  ;  the 
pasi^age  of  the  pyramidal  fibres  (P)  from  the  anterior  part  of  the 
bulb  to  the  crossed  pymniidal  tract  of  the  opposite  side  of  the, 
cord  cute  off  the  tip  of  the  anterior  liorn  (A),  which  in  sections 
higher  up  apfjeanj  as  nn  isolated  masB  of  grey  matter,  called  the 
lattral  nwleus  (fig,  455,  «/).  The  V  fonned  b}*^  the  two  pfisterior 
boms  is  opened  out,  and   thus  the  grey  matter  with  the  cetitr^l 
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canal  is  brought  nearer  to  the  dorial  aspect  of  tb$  bulb ;  tbe  t^ 
of  the  oomu  swells  out  to  form  the  mh*taniia  ^datimm  if 
Rolando  ( R)j  which  causes  a  prominence  on  the  surface  mJU  tb 
tubercle  of  Rfdnmh  ;  G  and  U  are  \.\\e  funicidi  gra<:ilu  and  mm^ 
respectively,  tbe  continuations  upwards  of  the  oolnmne  of  04 
and  Burdach. 

Seoond  section, — This  is  taken  through  the  upper  piit  of 
the  decuijsatloii.     Beginning  in  the  middle  line  at  Uie  top  of  tic 


Pig.  45S.— TtmrurtWiiO  wotiOD  of  tbe  modiillii  oblnii[(mU  In  Ifae  tfigioa  of  Ika 
decunatiortH     it. n/.,  Anterior  tnedinii  flMuure;  /^.pi.^inpc^rdrial  lurtni&te  iT 
from  the  fls!*ure;\p.tf-  pyPMnid,  w.^.r,,  nuclei  of  *rcu*tf"  libra;   /-«^ 
flbreH  becvjiuirig  iupi^rfln-iAl  \  <>»  r^'^  Iqwct  end  of  oIJTary  nacleuB  \  n.  l^  nme 
/.r.,  format ki  n?tT(  uUria ;  /.<t',  nrL-UAte  ftbrea   procwdlD^  from  the  fanii*lu 
laris;    g^  nswhrntrnxtJiM.  scl4Llinoe&  of  I^ttaodo;    a.V,,  tuc^uditig  tvdt  of  Sftli 
/.r.,  funicuhia  eiin*T4tu!i;   n.e.,   auclriia  nioeAtus;   *.c.%  extrnul 
«.y.,   nucltruj)   ^n^qilu;  /.g,^  fanicoh^H  |rracJIi«;   f.«J*,  povtcrioi-    .... 
e.c,  centml  c&uaI  mti-mtinded  b^  grvf  miitter,  in  vtldi  are  n-X/,,  DtidniB  of  tin 
aooemoTj,  stid  it.V/^H  nucleiu  of  tbe  hypogloiKt ;  t.d.,  npFTtor  dgnu^wMwi  f ' 
tion  of  mie  t j .    ( Modified  from  8ub wtbc . ) 


diagram,  we  see  first  the  postenor  median  fiaaure  {p.mJJ)^  belftt 
w^hich  is  the  grey  matter  enclosing  the  central  canal  (cc),  and 
containing  the  nuclei  of  the  eleventh  ^nd  twelfth  nervea;  the  funi- 
culus gracilis  (f.g.)  comes  next,  and  then  the  funiculus  cuneatas 
(/Ic.) ;  these  two  funiculi  have  now  grey  matter  in  their  interior: 
these  masses  of  grey  matter  are  called  respectively  nveUtu  graeilit 
(n,g,)  and  niideus  cuneatus  (n.c.);  the  fibres  which  have  aaoended  the 
posterior  columna  oi  the  oord  termina.tA  by  arboriBing  around  the 
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(!«:U&  of  i\m  gvey  iimtter;  the  fibreit  from  tbo  lower  part  of  the 

body  end  iu  the  imclevifl  gracilis,  and  thoae  from  the  upper  ptirtr 

of  the  body  in  the  n  tide  us  cuneatus*     These  midei  form  a  most 

important  position  of  relay  hi  the  eoume  of  the  afferent  fibres 

from  cord  to  brain.     The  now  fibres  ariaiug  from   the  cells  of 

these  nuclei  pasa  m  a  number  of  different  directions,  and  break 

^Liip  the  rest  of  the  grey  matter  into  what  is  called  the  formtitio 

^^Ttiitidari»,     The  fibres  may  be  divided  inU>  three  main  groups  ; 

^■tbey  are  tcnned  arcuate  filire^. 

^"       I ,  The  t^emal  arcuatt  fibres  (/  a,  /  a^)  course  round  the  ven- 
tral surface  of  the  bulb. 

Some  of  these  tnm  round  sharply  (/a*)  to  the  restiform 
[body  of  the  same  side, 

3.  The  internal  arcuate  fibrei^  are  those  which  pass  into  the 
hformatio  reticularis  and  cross  with  their  fellows  at  the  median 
tmph^,  forming  what  ia  sometimes  called  the  superior  pyramidal 
^deeu$§ati(m  (iM.),  but  which  should  bo  more  properly  called  the 
i»  of  the  jUiet  The  fillet  fibres,  after  having  crossed  to 
fthe  other  side,  become  a  longitudinal  Imtidle,  which  lies  just  dorsal 
llo  the  pyramid  (pt/)^  and  passes  upwards  to  varioua  parts  of  the 
[cerebrum,  ijassing,  however,  through  one  or  more  cell  stations 
[(positions  of  relay)  before  ultimately  arriving  at  the  cortex. 

We  now  see  that  the  brain  has  a  crossed  relationship  to  the  body, 

fthe  left  half  of  the  brain  governing  the  right  half  of  the  body, 

find  vice  vcr§df  both  as  regards  motion  and  sensation  ;  the  motor 

fibres  mostly  cross  at  the  decussation  of  the  pyramids,  some  few 

(those  in  the  direct  pyramidal  tract)  erosaing  at  lower  levels  io 

the  cord ;  the  sensory  fibres  mostly  cross  at  the  decussation  of 

^^the  fillet,  though  some  few  cross  at  lower  levels  in  the  cord^  soon 

Hf^fter  their  entrance  into  the  cord  by  the  posterior  nerve-roots. 

Other  points  to  be  noticed  in  the  section  are  the  substantia 
gelatinosa  of  Rolando  (fj)  (remains  of  posterior  coruu  of  the  cord), 
now  separated  from  the  surface  by  the  tiacending  root  of  the  fifth 
ner^^e  {a  V) ;  the  lateral  nucleus  {n  i)  (remains  of  the  anterior 
oornu  of  the  cord);  the  lower  part  of  the  grey  matter  of  the 
olivary  body  (o,  o^),  and  most  anteriorly  the  pyramid  {py). 

Third  aection.^This  (fig*  456)  is  taken  at  about  the  middle 
of  the  ohvjiry  l>odyi  and  passes  also  through  the  lower  part  of  the 
floor  of  tiie  fourth  ventricle.  The  central  canal  has  now  opened  out 
into  the  fourth  ventricle,  and  the  grey  matter  on  its  fiotvr  contains 
the  nuclei  of  the  twelfth  and  tenth  nerves ;  bundles  of  the  fibres 
of  these  nerves  course  through  the  substance  of  the  bulb,  leaving 
it  at  the  places  indicated  in  the  diagram. 

The  nucleus  gracilis,  nucleus  cuucatus^  and  tubercle  o!  Kolando 
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are  pushed  intx)  a  more  lateral  position  ;  the  rtttiform  body  (C.r.) 
now  forms  a  well-marked  prominence,  and  the  olivary  body  is 
well  seen  with  its  dentate  nucleus  ;  from  the  open  mouth  of  thii 
corrugated  layer  of  grey  matter  a  large  number  of  fibres  iame^ 
and  passing  through  the  raph^,  course  as  internal  arcuate  fibm 
to  the  opposite  restiform  body,  and  thus  to  the  cerebellum ;  some 
pass  to  the  restiform  body  of  the  same  side;  the  continuation  of  the 


Ki^.  456.— Section  of  the  medulla  oblongata  at  about  the  middle  of  the  otivary  bodr. 
/.^a.,  anterior  median  fiwiure;  n.nr.^  nucleus  arcuatus;  p,  pyramid;  XI t.^  banw 
of  hjrpoeloeMd  nenre  emerging  from  Uie  surface  ;  at  6,  it  is  seen  roqnring  between  tlie 

Eyramia  and  the  olivary  nucleus,  o;  f.a.e.^  external  arcuate  fibrai;  «.<.«  nnden 
iteralis  ;  a.,  arcuate  fibres  passing  towards  restiform  liody,  partly  through  the  sob- 
stantia  gelatinosa,  9.,  partly  superficial  to  the  a«>eending  root  of  the  fifth  nerre,  a.J. ; 
A'.,  bundle  of  vagus  root  emerging ;  /.r.,  formatio  reticulsris ;  Cr.,  corpus  refltifofiBe. 
beginning  to  be  formed  chiefly  by  arcuate  fibres  ;  superficial  and  deep ;  n.c.^  Borknt 
cuncatus ;  n.g.^  nucleus  gracilis ;  f,  attachment  of  the  ugula ;  /.«.,  funiculus  solitBriQi; 
n.A'.,  n.K.\  two  parts  of  the  vagus  nucleus ;  n.XII.^  hypoglobssl  nu<deiu ;  n.t.,  nndeiv 
of  the  funiculus  teres  ;  n.am.,  nucleus  ambiffuus ;  r.,  raph^ ;  A.,  continuation  of  fte 
anteiior  colimin  of  cord  ;  o',  0",  accessory  olivary  nucleus ;  p.o.l.,  piriunculus  oIxvb. 
(Modified  from  Schwalbe.) 

direct  cerebellar  tract  of  the  cord  also  passes  into  the  restiform 
body.  It«  fibres  terminate  by  arborisations  round  Purkinje's  cells  in 
the  verniis  of  the  cerebellum.  The  funiculus  solifarius  and  nudfw 
ambiguuSf  also  seen  in  this  section,  have  been  already  alluded  to 
in  our  account  of  the  origin  of  the  cranial  nerves  (p.  612). 

Fourth  seotion. — This  is  taken  through  the  middle  of  the 
pons,  and  shows  much  the  same  kind  of  arrangement  as  in  the 
upper  part  of  the  b\\\b.    The  ^etv^til  ^^^axauoe  of  the  8eotk>Q 
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18,  however,  modified'  by  a  number  of  transversely  coursing 
bundlee  of  fibres,  most  of  which  are  passing  from  the  cerebellar 
hemispheres  to  the  raph6,  and  form  the  middle  cerebellar 
peduncles.  Intermingled  with  these  is  a  considerable  amount  of 
grey  matter  {nttclei  pontic).  The  continuation  upwards  of  the  pyra- 
mids (fig.  457,py)  is  embedded  between  these  transverse  bundles, 
and  separated  by  them  from  the  reticular  fonnation  ;  the  deeper 
transverse  fibres,  which  form  the  trapezium  («),  connect  the  supe- 


vm 


tUi.  457.— Section  acroita  Uie  pon#,  ab<mt  the  middle  of  Uje  fourth  venihcie.  py.,  pyramidal 
Imndles ;  ^.y  tFAaarenie  fibre*  paasinff />0|,  behind,  and  00,,  in  front  of  pjr ;  r.,  raphe ; 
<y.«.,  lupenor  olive ;  a.!*.,  bnnalea  of  Mcending  root  of  r.  nerve  encloaed  in  apro- 
-  ioBftatUHi  of  the  rabrtance  of  Rohuido ;  t,  trapezium ;  VI.,  the  sixth  nerve,  n.VL,  its 
nndevB ;  r//.,  facial  nerve ;  Vll.a.,  intermediate  portion,  n.  VII.,  its  nucleas ;  VIII., 
anditory  nerve,  n.  VIII.,  lateral  nncletu  of  the  auditory.    (After  Qoain.) 


rior  olivary  nucleus  of  one  side  to  the  accessory  auditory  nucleus 
of  the  other  side.  The  large  olivary  nucleus  is  no  longer  seen, 
but  one  or  two  small  collections  of  grey  matter  (o.s,)  represent  it, 
and  constitute  the  mjytrior  olivary  nvcleus.  The  nerves  taking 
origin  in  this  region  of  the  floor  of  the  fourth  ventricle  are  the 
sixth,  seventh,  and  eighth.  The  fifth  nerve  originates  higher 
up,  where  the  floor  of  the  fourth  ventricle  is  narrowing,  till  at 
last,  in  the  region  of  the  mid-brain,  we  once  more  get  a  canal 
(Sylvian  aqueduct)  corresponding  to  the  central  canal  of  the 
spinal  oord. 

The  reticular  formation  between  the  grey  floor  of  the  ventricle 
and  the   trapezium  is  a  continuation  upwards  of  the  reticular 
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formation  st^cn  in  preTioiis  aactions*  lb  conaists  of  whita  ftbiv 
passing  tratiBvutBel j  in  di Cerent  directioos,  between  whldi  then 
are  fibres  ranuing  longitudinuUj,  and  a  oonHiderable  amoonl  gf 
grey  matter.  In  sneh  a  complex  sjatem  of  intercroesiDg  fibtv^lt 
is  extremely  ditiicult  to  separate  any  definite  tracts^  but  tli«nin 
at  least  two  longitudinal  traets  of  fibres  in  it  which  a  little  \^^ 
up  in  the  mid-brain  are  separated  ofiT  from  the  rest ;  one  of  tW 
is  \heflMet^  the  origin  of  which  in  the  nuclei  graciUi  and  cudcm^ 
of  the  opposite  side  we  have  already  seen ;  the  other  is  tlie 
posterior  langitvdinai  bundk^  which  ia  stated  by  some  to  be  i 
continuation  upwards  of  some  of  the  fibres  of  the  anterior  ooltnmi 
of  the  cord  ;  it  certainly  contains  fibres  connecting  the  nuclei  of 
the  third  and  sixth  nerves.     These  are  ahown  in  the 

Fifth  and  Sixth   seotioziB,   which   are   taken   through  tk 


Fig.  458.— OnUine  of  two  sectioiis  aoroai  the  mid-brmin :  A,  througb  the  middla  of  Ike 
inferior;  B,  through  the  middle  of  the  eoperior  corpora  qoadrigvinliM  CQ. 
Cr.^  cnuta;  S.N.,  rabstantiA  nigra— ehown  only  on  one  aide;  T,  tegmart—; 
S,  Sylvian  aauedact,  with  ita  eazronnding  grey  matter;  L.  Q..  latecml  grooffi; 
p./.,  posterior  longitudinal  bundle ;  d.V,  deeoendiag  root  of  the  flfta  narre;  aC?,^ 
superior  cerebellar  peduncle:  F,  fillet;  in.,  thhd  nerfe.  Tlie  dotted  efaek  la  B 
repiesentB  the  situation  of  the  teepental  nucleus.  In  B  the  three  diTWons  of  tkt 
crusta  are  indicated  on  one  side.  The  pyramidal  fibres  {Pm)  are  in  the  aidAe,sad 
the  fronto-cerebellar  (F.G.)  and  temporo-oocipital  cerebellar  (T.O.C.)  at  Hm  ridn. 
(After  Schlfer.) 


mid-brain,  and  are  drawn  on  a  smaller  scale  than  the  others  ve 
have  been  examining  ;  they  represent  the  actual  size  of  the  8M- 
tious  obtained  from  the  human  subject 

Near  the  middle  is  the  Sylidan  aqueducty  with  its  lining  of 
ciliated  epithelium.  In  the  grey  matter  which  surrounds  it  are 
large  nerve-cells,  from  which  the  fourth  nerve,  and  higher  up  the 
third  nerve,  originate;  the  fibres  of  the  third  nerve  are  seen 
issuing  from  these  in  fig.  458,  B  III.  The  reticular  formation  of 
the  pons  is  continued  up  into  the  mid-brain,  and  is  called  the 
tegmentum.  Its  transverse  fibres  include  the  decussating  fibres  of 
the  superior  peduncles  of  the  cerebellum.  The  fibres  of  the  JUlti  partly 
pass  in  an  oblique  manner  to  the  aide  of  the  mid-brain,  and  ter- 
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Me  in  the  grey  umtter  of  the  corpori*  quadrigemina  (C  Q) ; 
ia  called  the  lateral  Jilhi ;  the  rest  of  the  fillet  {metial  filltt) 
on  thKmgh  the  crus,  and  has  been  traced  into  the  optie 
%mu$ ;  from  here  fresh  nerve-fibres,  forming  a  new  relay j  con* 
\M%  the  afferent  inipuke&t  to  the  cortex  of  the  cerebrum. 
The  pyramidal  bundles  of  the  pons  are  continued  upwards,  and 
the  middle  third  of  the  cni»ta  (cr)  or  pej*  The  crusta  and 
ft€fitum  are  separated  by  a  layer  of  grey  matter  called  the 
tiift  nigra  (S  N).  There  is  also  grey  matter  in  the  teg* 
iientum  iteelfj  which  is  called  the  tegmt^nfal  or  red  nuchn^. 
The  dmrpora  qvadrigemifm  are  formed  mainly  of  grey  matter  j 
om  each  a  bundle  of  white  fibres  pifwases  upwards  and  forwards 
the  geniculate  bodies,  eventually  joining  the  optic  tract  of  the 
ae  side.  The  white  layer  on  the  surface  of  the  grey  matter  of 
C  quadrigemina  m  derived  from  the  optic  tract ;  these  fibres 
ame  from  the  retina,  and  terminate  by  arboriaing  around  the 
ells  of  the  grey  matter  of  the  C.  quadrigemina.  The  farther 
elationships  of  these  parts  of  the  brain  we  shall  study  in  cod- 
iiectioii  with  %ision. 

Saventh  aection.— This  is  through  the  urns.     It  is  made  up 

cruBt<i  (which  contains  the  motor  fibree), 

rtlum  (which  contains  the  sensory  fibres, 

cially  the  bundle  called  the  mesial  fillet)^ 

the  subMta/titia  nigroj  the  grey  matter 

iiloh  separates  them. 

The  destination  of  one  of  the  spinal  cord 
.  we  have  not  yet  mentioned  j  this  is 
tie  tfaet  of  Go w era-  This  is  continued  up 
throtigh  the  ventral  part  of  the  pons  lateral 
to  the  pyramidal  bvmdles ;  when  it  reaches 
the  superior  cerebellar  peduncles  the  main  part  of  the  tract 
takes  a  &harp  backward  tuni  and  enters  the  middle  lobe  or 
vtrmu  of  the  cerebellum  by  the  superior  peduncle  and  superior 
medullary  velum.  Some  of  the  fibres  of  the  tract  are  continued, 
however,  into  the  corpora  quadrigeminft. 


S.N, 
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CHAPTER    XLV. 

STRUCTURE    OF    THE   CEREBELLUM. 

Thb  Cer^belliim  b  composed  of  an  elongated  ceotial  portion  ur 
lobe,  called  the  vermis  or  vermifomi  procesa,  and  two  hemiipbem. 
Eaoh  lieniisphere  is  cotmected  with  its  fellow,  not  otily  bj  mm 
of  the  vormifotm  pix>cess,  but  also  bj  a  bundle  of  fibres  cilled 
tEie  middk  pedmuik  (the  latter  forming   the  greater  part  of  tbe 


^^.  46J.— CambflUmn  m  w^tioD  Atid  fuutlL  fptiLncJe,  mii^v  tbe  tieisblMmxiagf  put*.  >, 
a«dlaiijntKire  of  fourth  vj^ritrid«i  rading  below  In  the  eniin^u^  ^cHptorh/a^  viih  \tt 
iQDgftudttidJ  emtuenf?efl  furm^  by  tbu  /tfKtfuli  tttrttt,  <aus  (m  eftch  tme  ;  *,  tke  mae 
gtO(i¥«p  lit  tbu  plftiae  wben»  th«  white  iCmka  of  lJb«  awUtoEj  nerve  oncm  £nm  li  ts 
crDM  tlift  flocir  of  tliif  Yantride ;  j,  ixii^Hw  onu  or  pedu^£te  Of  lli«  eei«Mliii&,  ^stmtA 
bjth?  reetiform  bodj^  j«  fmiicmiu  ffrmdliii :  ftbdve  tlili  it  the  mlMBBM>  ■ulyftiayi. 
S,  minticir  c^iu  of  «««ibeUnitL ;  6^  6,  fljlet  to  Uii?  nide  of  th»  cxum  e<v«bti ;  TjJ7,  himk 
gtuOTH  of  the  flnn  e«i«bti ;  g,  corpotm  qtiadrigunitiB.  (T^wm  fikppef  afts-  BladAil 
uidLeTetn#0 


P«J^ 


tmiiHYerse  fibres  of  the  pona  Varolii),  while  the  mperwr 

which  decussate  in  the  mid-brain,  connect  it  with  the  cerebrum 
(S*  fig'  460),  and  the  inferior  fmjivnch^  (restiform  bodies)  oonBecl 
it  with  the  medulla  oblongata  (j,  fig.  460)* 

llie  cerebellum  is  composed  of  white  and  grey  matter,  tlii| 
latter  being  eitcnial,  like  that  of  the  cerebrum,  and  hke  it, J 
Infolded,  10  that  a  larger  ai-ea  may  be  contained  in  a  giTcn  \ 
The  oonvolutioua  of  the  grej  matter,  however,  are  arnuig«d1 
after  a  different   pattern,  aa  shown  in   fig,   460.     Tbe  tree-lilte 
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aoimugemeut  of  the  white  matter  has  given  riBe  to  the  name 
_^irhQr  vium.  Besides  the  grey  siibatance  ou  the  surf  ace,  there  are, 
,  the  06Dtre  of  the  white  Bubntance  of  ^ich   heDiispbere,   small 

aes  oC  grey  matter,  the  largest  of  which*  called  the  corpus  <ten- 
turn  (fig.  461,   cd)j  reaembltsa  very  closely  the   corpui  dentatum 

the  olivary  body  of  tiie  medulla  oblongata  in  appearance. 

If  a  section  is  taken  through  the  cortical  portion  of  the 
erebellum,  the  following  distinct  layers  can  be  seen  (0g.  462)  hj 
licroscopic  examination. 

Underneath  tlie  pia  mater  is  the  exiamal  iayef  of  grey  matter  i 

ia  formed  chiefly  of  fine  nerve-tibres  with  Hmall  nerve-cells 
ittered  through  it     Into  its  outer  part,  processes  of  pia  mater 


%,  4tM, — OuUiiiA  mkatiCfh  i^  t.  wecUfm  of  thp  <.^rebeUmii.  shoDrioj^  the  corpuA  dentfttum. 
The  AeetioD  bM  been  curied  tlsruu|fh  tbe  left  la^mtl  vni%  of  (.hi;  pgn*,  m?  lu  to  divide 
the  mperior  p«im)£l«  tmd  pus  nsftrly  thnju^b  thv  middle  uf  the  f«f  t  iMittilMUur  hesuU 
'^^'^^    The  olrimr^  iKidy  hMm  oka  Wn  dmded  kmgfiCudiEi&Uy  wo  u  to  eOEpose  in 
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olrimrv  iKidy  hax  oka  he^n  divided  lonifiCudiEi&Uy  w  u  to  exp 
rjtuM  dentatvm.  cr,  cni*i  ctrebri :  /t  flUet;  a^  QOTporm  qutkdrigei 
iv*  VDptTJorpeduode'  of  the  cctrebeButD  divided ;  m  i>,  luidalii  fxdunde  or  Eatinil  part 
uf  the  pq&s  ^  wviii,  with  t^bm  paaung  from  it  into  the  *Wte  «teiq  ;  a  v,  oo&^EktmtloD 
nf  tht  whiti;  fltem  mdiiiting  towftMB  th(^  &rbur  viti^  of  tbe  foLu ;  c  d,  wrpui  d^i- 
CiLtiim  ;  0,  olivKTy  bi>djr  ititb  ita  corpus  dt^utatiim  ;  ^,  iijTaiBid.    (Allen  llionuoa^    j. 


imjB&  vertically  ;  these  convey  blood-vessels.  There  are  also  here 
numerous  long  tapering  neuroglia-cells.  The  tJiteT^tal  or  {rrannlar 
layer  of  grey  matter  is  made  up  of  a  large  number  of  email  nerre- 
cells  nailed  with  a  few  larger  oneu^  and  some  neiiroglia-eella. 
Between  the  two  layers  is  an  incomplete  atratum  of  large  fla&k* 
shaped  cells,  called  the  cdU  of  Purkinje.  Each  of  these  gi^es 
oiV  from  its  base  a  fine  process  which  becomes  the  axis  cylinder 
of  one  of  the  medullated  fibres  of  the  white  matter  i  the  neck  of 
the  flask  passing  in  the  opposite  direction  breaks  up  into  dendrites 
which  pass  into  the  extenial  layer  of  grey  matter*  By  Uolgi's 
method  {fig.  463)  these  dendrons  have  been  shown  to  spread  out 
m  planes  transverse  to  the  direction  of  the  lamellae  of  the  organ. 

Each  cell  of  Purkinje  is  further  invested  by  arborisations  of 

two  sets  of  nerve- fibres.     One  of  these  (originating  from  the  fibres 

Bpf  tbe  white  matter  which  are  not  continuous  as  axis-cylinders 
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from  the  cells  of  Purkinje)  forms  a  ba^et-woric  nnmd  the 
dendrons ;  the  other  (originating  as  azis-oylinder  prooessss  from 
the  nerve-cells  of  the  external  layer)  forms  a  felt-work  of  iSbnli 
round  the  body  of  the  cell. 


pm 


J?ig.  46a.— Vertical  section  of  dew's  cerebellum;  p  m,  pia  mater;  p,  cells  of  Pnifdiij*, 
which  are  branched  nerve-cellH  lying  in  a  single  layer  and  sending  ungle  piuceMai 
downwards  and  more  numerous  ones  upwards,  which  branch  oontiauoaaly  aad  cztoid 
through  the  external  "  molecular  layer '*  towards  the  free  surface ;  g,  dense  (grs&nkr] 
layer  of  small  nen-e-cells ;  /,  layer  of  nerve-flbree,  with  a  few  scattered  nerrt-Mili. 
This  last  layer  (//)  constitutes  part  of  the  white  matter  of  the  cerebdlun,  while  tte 
layers  between  it  and  the  free  surface  are  grep  matter.    (Klein  and  Noble  StaiitiL) 
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he  €cUs  of  the  internal  layer  of  grey  matter  are  small ;  their 
dritee  intermingle  with  those  of  neighbouring  cells  ;  their  axons 
letrate  inUi  the  external   lajer,  but  their  final  destination  ia 


IL 


Ufj.^Sectkm  of  eettibetlM'  eortex.  it^iiied  by  Qol^"!  mDthod ;  i.  t&kftn  %iEpam  tlie 
juaJfia;  1 1 .  in  Ibe  dtzvoUon  ol  Ibe  Umfn^t  a,  out«£-  ar  moleculu-  Urnr;  8,  izuur  or 
bBsulhr  litTf^f ;  0,  n^lte  nuitter.  ».  Cell  of  Parkin je  ;  h,  smiill  ce1l4  of  mu^r  UT«r ;  <?, 
Rendrona  of  tbme  odb  ^  rf .  udi-erluidar  prcKwae  of  onis  of  theme  eeU*  bocotxiiiDff  loiifK^- 
liiLi,!  in  the  oat&r  lajrer  ;  e,  bifuTcatioi  of  one  of  these  ;  g^  w,  Blmilar  cell  Ifing  m  th« 
Irtiile  tii4tter.     {R&moii  3r  Cajal.) 


feitaio.      Ramifying  among  these  cella  are  fibres  characterised 
kioeaeasiag  bunches  of  short  branehes  at  intervals  (mosis-fibres 


CHAPTEK    XLVl. 

STEtrOTDEB    OF    THE    0  ERE  BRUM, 

IB  large  size  and  complexity  of  the  cerebrum  distinguiabea 
i  brain  of  man  from  that  of  the  lower  animal  a  ;  the  amount  of 
ff olution  of  its  surface  corresponds  roughly  with  the  degree  of 
^ligence. 

Phe  cerebrum  eonBints  of  two  halves  called  etrthrtd  htmisphertiy 
ftrated  by  a  deep  longitudinal  fissure  and  connected  by  a  large 
id  of  tranavensc  commissu^l  fibres  known  m  the  ccrpm  caUomm, 


L 


%  ^^ 


um  f  rcfm  h bov«.  f .— Tlie  nmwr  REifan  of  tat  mm 
bf  B«putitiQ9  the  f»7«bn]  KomfliplfeereB  fead  tlimvW 
iisttHi  has  beai  detochied,  uid  tbe  tnnsTma  Abm  ef 


Fl(f.  464.— View  of  the  f 'orpus  f%lto«fum  from  iibov«.    |*— The  up 
culonua  boa  been  fuUf  expofifd  bf  B«pi     "'      '*  *-  - 

I  diem  to  1^  flide  ;  the  sjruH  foroiinttHi  t 

this  cor|iiui  GiLUiHrimi  tmced  for  md«  dtitaiwe  inix>  the  qeriabnl  mMollvxT  AilMuaii 
T,  the  upper  surf Aee  of  the^  ixuptin  cilloiiim  ;  » ,  median  furrow  or  imphe ;  j ,  fowitudjfid 
■trin^  bouiidiDS  the  furrow ;  4,  HveJIinp  f{}nned  by  the  truuTei-ve  himd*  u  tlj^rptt 
ID  to  the  c^E«^eb^uIIl ;  ,1,  anterior  extremity  or  knee  of  the  eorpuB  esUcMttzm  ;  t\  pcaHrra 
extreioitT ;  7,  anterior,  und  t^.  iio«tedor  p&rt  of  the  mass  of  flhroi  procecdiDB  fno  tih> 
corptia  rallofluio  ;  g,  nmtf^n  of  ihv  BKsXLmg  ;  jtt,  uitenoT  part  of  the  ctm^viiilmMBQflbt 
eorpufl  c&llopmm  ;  1 1„  hem  or  b&ud  of  union  of  tliti  oauTolutiaii ;  ia«  tnlirni]  a» 
TolutioaH  of  the  parietaJi  }oIk;  i^,  uppi^T  mrfaec'  of  the  «ivbdJiam«  {B^pptf.^lit 
FoTfltoO 

The  neit  figure  (fig*  465)  represents  a.  diesected  brain  in  wbifi 
the  corpus  calloBum  has  bcea  removed  ;  the  ventricles  are  ilnvi 
expoaeth 

Each  hemisphere  is  covered  with  grey  matter,  whicli  paaaei 
down  into  the  fi  as  ores  that  abound  on  its  exterior*  This  euiliee 
grey  matter  is  called  the  cert^bral  tort^jr.  The  amount  of  tliie 
grej  matter  varies  directJj  with  the  amount  of  ccinvolutiou  of  th« 
surface.  Under  it  white  matter  is  situated  ;  and  at  the  hum 
there  are  magsea  of  grey  matter  \  ^rt  of  these  hasai  ffam^jiia 
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fomiing  part  af  the  wall  of  the  v  en  trickles.  The  aii  tenor 
bftaal  ganglion  is  ciilled  the  a^rpus  striatum ;  it  is  divided  into 
two  parte  called   the  l^nticuiur  or  ejttraventrioilar  nucletti^  and 


jP^m  465.— DuHectusi  at  bimu],  from  mbom,  expci&uifr  tlis  laten!,  fouitli,  asd  flflh  v^Btrid«fi 
Tiu  the  wujTQimding  puti.  |«— «» amtcrior  pajt,  or  s^tfuii  of  cQTpUfl  caJkiiuin ;  b^  oorpu* 
fltrifttmu  ;  V,  the  corpus  sbriftiiua  of  left  viae,  diimected  ku  u  la  expOK  jU  gre^  lub- 
^anee ;  it^  poiaiM  by  m  Uoe  to  the  t^mn  MorikidrculanR ;  d,  optic  thalsiAui ;  f,  anterior 
pOlAn  iif  lonuK  dinded  ;  Itelaw  the)'  an^  as^n  deweudkig  in  frotit  of  lh«  tbtrd  Vtmtticle, 
uul  betweeti  them  in  seen  jmrt  of  the  antcdor  cfimmjiwurp ;  in  front  of  the  letter  *  i* 
AMifi  th^  ■lit-liko  mth  yenpicle,  between  the  two  lamiaiB  of  th^  s^ptnm  lncidum ;  /, 
Boft  CR-  middlfl  {X}miaMnu<e  i  3  i«  plaised  in  the  pontmor  port  of  the  third  ireiithde  ; 
iinubedlAtdT  behiml  th«  Utt«^r  m?  the  poitt^or  oomaiiiiQir?  (ju«t  viaihic)  and  th« 
piD«Al  gluLdt  the  two  oniTK  <ii  whi^sh  extend  forwaida  alonf  the  inner  emcl  upper 

»e^ivixis  of  the  optjn  tholami :  A  md  i.  tlie  corpora  quadri^ri^faijna  ;  t,  vuptrior  cruB  of 
fseiWHtUiiin ;  clone  Uj  4:  ih  the  valve  uf  VteONwn»,  which  ha^  been  divided  bo  ait  t<t 
expose  the  fourth  ventride ;  K  bippoca^mpuii  majoi:  und  corpus  ftmlsrifttuiii*  or  trenia 
IttBfpooasnpi  ;  m.  hippocampuji  minor ;  n,  fmhientia  oollatemlui^  o,  fourth  ventricle  ; 
»,,  poirterior  surf acw  of  m'*dulU  oblciapttA  \  r,  KctJc»D  of  oej*lwllnm ;  r,  upper  p^rt  of 
kH llettilRbhere  of  cerpfaellum  eiLponed  by  the  Femuirnl  of  part  of  the  potsterioT  «?rebnd 
lobe.  (nirKhfeldaodLereillei.] 
the  cmidfiU  or  intTivmii'i^f^ulmr  nwdtus  It  haa  received  the 
latter  name  beeause  it  ia  seen  in  the  interior  of  the  ventricle. 
The  poaterior  baeiil  ganglion  is  called  the  oepik  ihdamm. 

Paasing  up  between  the  batial    ganglia  are  the   whit^    fibres 
whioh  enter  the  cerebral  hemisphere  from  the  cms  ;  these  ooiisti- 

s  a  i 
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tute  the  internal  capsu^e^  This  passea  in  front  between  the  tvo 
subdi vision B  of  the  corpus  striatum,  and  behind  between  iht 
optic  thalamus  aud  the  lenticular  nucleua  of  the  corpus  ttriitmiL 

The  relatiouship  of  these  parts  in  best  seen  in  a  vertical  aectkn; 
such  as  is  represented  m  the  neit  diagram. 

One  hemisphere  is  seen,  with  poilrons  of  the  other.  The  m- 
face  darkly  shaded  mdicates  the  grej  matter  of  the  oortei,  rhidj 
passes  down  into  the  fissuret;  one  yexj  extensive  aet  of  contolu 


\*S1 


vm 


Fig.  466.— Yerticsl  section  throogfa  the  cerefaram  and  hnaal  gmsglia  to  abow  the 
of  the  latter,  co^  oerebral  convolutiona ;  «.e.,  oorpaa  oanamm ;  »J.,  latwal 
/,  fornix ;  v///.,  third  Tentricle  ;  n.c,  caudate  nncUua ;  lA,  optic  thalannw ;  a 
cular  nndeoa ;  e,i.,  internal  capsule ;  c/.,  clanstrmD ;  e^^  eztcnud  *»"|milir ;  1 
mammillare ;  t.o.,  optic  tract :  «.i.f.,  atria  tenninaUa ;  aui.,  anelena  luygdahg 
oommianire ;  co.i.,  island  of  Reil.    (Schwalbe.) 


tions  (co.t.)  passes  deeply  into  the  substance  of  the  hemispbo^; 
this  is  called  the  Island  of  Reil ;  the  lowest  stratum  of  gnj 
matter  is  separated  from  this  to  form  a  narrow  isolated  strip.oif 
grey  matter  called  the  clauttrum  (cl,).  In  the  middle  line  from 
above  down  are  seen  the  great  longitudinal  fissure  extending  as 
far  as  {ex.)  the  coi-pus  callosum,  the  band  of  white  matter  that 
forms  the  great  commissure  between  the  two  hemispheres;  b^ 
ueath  this  are  the  lateral  ventricles  which  communicate  by  the 
foramen  0/  Monro  with  the  third  ventricle :  the  fornix  is  indicated 
by  the  letter  /.  Contributing  to  the  floor  of  the  lateral  ven- 
tricle, one  next  sees  the  optic  thalamus  (tA.),  and  the  tail  cod  of 
the  nucleus  caudatus  {n,c.) ;  the  section  being  taken  aomawhat 
posteriorly.     Th«   nucleus  lenticularis  is  maxked  mL;   and  the 
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baad  of  wbite  fibres  passing  up  between  it  and  the  thalamus  is 
caUad  the  internal  capsule  (c,i'«) ;  tha  narrow  piece  of  white  matter 
between  the  cLaustrum  and  the  lenticular  nucleus  is  called  the 
tJUmal  capsule. 

For  the  student  of  medieine  the  iuternal   capsule  is  ou©  of  the 

nost  important  parta  of  the  brain.      I u to  it  are  continued  up  the 

fibres  which  we  have  prevjoosly  traced  as  far  as  tbe  crus  cerebri ; 

y  the  motor-libres  of  the  crusta  are  continued  into  the  anterior  two- 

lirda  of  its  posterior  Umb  {t.€.  behind  the  genu  *  in  fig,  467)5 

sensory  fibres  of  the  teg nxen turn  into  the   posterior  third  of 

limb*    When  these  fibres  get  beyond  the  narrow  pass  between 

tie  baaal  gangUa,  they  spread  out  in  a  fan-like  manner  and  are 

strtbuted  to  the  grey  cortex;  the  motor-fibres  going  to  the  motor 

involutions  around  the  fissure  of  Rolando;  the  sensory  fibres  to  the 

ae  convolutions  and  also  to  othen*  behind  these  which  are  asao- 

tiated  with  special  sensations.    The  name  corona  radiata  is  applied 

the  fan-like  spreading  of  the  fibres ;  the  fibres  as  they  pass 

Ihrough  the  handle  of  the  fan,  or  internal  capsule,  communicate 

|*ith  the  nerve-cells  of  the  grey  matter  of  the  basal  gangHa ;  the 

pyramidal  fibres  on  their  way  down  to  the  medulla  and  cord  from 

motor  areas  of  the  brain  send  off  cx^llaterals  or  aide  branches 

Iwhich  arborise  around  the  cells  of  the  corpus  striatum,  and  to 

li  lesser  degree  around  those  of  the  optic    thalamus  ;  the  axis- 

iylinder  processes  of  these  eetls  pass  out  to  join   the  pyramidal 

ot  on  its  downward  course.     The  sensory  fibres  on   their  way 

lup  may  pajss  straight  on  to  the  cortex,  but  the  majority,  especially 

"those  in  the  fillet,  terminate  by  arborising  round  the  cells  of  the 

optic  thalamus,  and   in  the  mUftaiu^iic  area.     This    in  fact,  is 

another  cell-station  or  position  of  relay :  the  fibres  passing  out 

from  the  cells  of  the  thalamus  continue  the  impulse  on  to  the 

cortex. 

The  importance  of  the  internal  capsule  is  rendered  evident 
when  one  considers  the  blood  supply  of  these  parts ;  at  the  an 
t^rior  and  positrmr  perforated  ipoU,  numerous  small  blood-vessels 
enter  for  the  supply  of  the  basal  ganglia,  and  these  are  liable  to 
become  diseased,  and  if  they  rupture,  a  condition  called  apoplexy 
ta  the  result ;  if  the  heBmorrhage  is  excessive,  death  may  occur 
almost  immediately  ;  but  if  the  patient  recovers,  a  condition  of 
more  or  less  permanent  paralysis  remains  behnid  ;  and  a  very 
large  amount  of  piralysis  results  from  a  comparatively  limited 
lesion^  because  so  many  fibres  are  congregated  together  in  this 
narrow  isthmus  of  white  matter  If  the  hcemorrhage  is  in  the 
anterior  part  of  one  internal  capsule,  motor  paralysis  of  the 
Oflpodite  side  of  the  body  (herajplegia)  will  be  the  most  marked  ^ 
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symptom.     If  the  haemorrhage  occurs  in   the  poetenor  pait|i 
Bory  paralysis  of  the  opposite  side  of  the  body  will  be  the  1 
marked  symptom .     If  the  motor-fibres  are  affected,  degese^ 
will  occur  in  the  pyraiiiid^il  tract  and  can  l>e  traced  tlitoughl 
pes  of  the  crua  and  mid -brain  to  the  pyramid  of  the  pon* 
bulb,  and  then  in  the  crossed  pyramidal  tract  of  tin 
and  in  the  direct  pyran^idal  tract  of  the  same  side  01  1 

Figtire  467   represents   a  horizontal   view   through   tht 


Jf%.  46T.--iHAgtmiu  to  ehQW  th«  ecuaneetaon  of  tbe  FrontAl  OocipitAl  Lnbea  wftJi  ih*  0^ 

sill        '  ^  .      .    -*     --   .-  ..       .       .  ,-    .,     _  .— 


oellnm*  ftij.    The  dotted  lioa  puHog  ill  Um  crmiM.  (t.or},  autHide  tl»  U- 

tn4ia»te  the  ^xmnsiMoa  betv«a  tiie  temponMiodpttftl  labe  mod  t]i«  off^b«21taLf^ 
thfi  fronto^eTebelliir  jShrw,  which  paM  iDtemftlTj-  to  the  molor  tnnct  Id  tfa*  <ww^ 
i.f.^  Hhsmi  from  the  cAud&te  Diick««  ta  tlie  ponA.  /v.,  fraotAl  lobe ;  0*~*w*fB 
Iflfbe^  jkF.t  AAceDdioK  frcmta] :  Ar,,^  ft«c«adiiip  iiiu-i«t«I  CoUVqIiiUijim  ^  rcr.,  fmvff^ 
fltHOtv  in  front  of  ike  iuc«adiiw  fnmtAl  cxmvolution  1  r»..  OAnuv  ol  RnUaflOy^* 
tutspulfll&l  flwmrci.  A  Hctioin  or  cnu  i*  lettered  do  the  left  nde.  ■  Ji .,  nabMUstti  irif^* 
rv .,  pffiuntdjil  motor  Hbru^  w  hich  on  the  Tight  vni  tbeim  w  cmititittou  UnetfioBfl" 
to  pan  IhToufffa.  tJi«  pcMterior  limb  of  Ih<;..  lutenul  uprale  (tb«  Tmri  or  tlbotr  el 


ti  iihcnrEi  thm  *}  upw^rdji  kila  tlw  haDlipbene  uid  dpwDinude  Oum^  ^'^^SJ! 
flrDn  At  the  medtiliK  fo  the  vffTKmi^^  i^tkctiSKticiD.  /ffT  citMMd  fifmsidir  t^* 
api,  ^rvvt  p^TREoidftl  timet.    (Gowm^l 


sphere .  The  internal  capsule  (e)  at  the  point  *  makes  a 
called  the  j^enu  or  knee,  buhind  which  the  mutor^fibrci, 
more  posteriotly  still  the  senBory-fibrea,  pass*  The  coiiiio 
between  ccrobi  iim  and  cerel>ellum  is  also  indicated  ;  one  c^ruW 
hemisphere  is  connected  with  ihe  cerebellar  hemisphere  of  ^ 
opposite  side  by  the  superior  cerebellar  peduncle  which  <ienirt 
mth  its  fellow  in  the  mid-brain* 
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Histologioal  Struct^ure  of  the  Cerebral  Cortes. 


yTT7T^_. 


i 


f 


f 


Mm 


The  torUx  h  generally  described  m  crjiisisting  of  the  following 
[fii^c  J4jerB  (Meynert) : — 

I.  Superficial  layer  with  abui>- 
I dance  of  neuroglia  aod  a  few  emal] 
lultipolar  nerve-cells,     2,  A  thin 
&yer  of  a  large  tnimbar  of  closely 
csked  BniaU  nerve-eella  of  pyra- 
ial  shape,    j*  The  moat  im  port- 
it  kjer,  and  the  ihickest  of  all : 
oon tains  many  large  pyramidal 
re-oells,  each  with  a  process  niii- 
ing  off  from  the  apex  vertically 
i^ards    the     free    surface,    and 
Item]  processes  at  the  base  which 
i  always  branched.   There  m  also 
median   process   from   the   base 
if    each  cell   which  becomes  con- 
titmouB   with  the  axis-cylinder  of 
nerve-fibre.      The    bundles    of 
Ibree   spread   out   in    this    layer. 
Numerous     nerve-cells^    some 
|e     and     others    small,    form- 
ag     the    ^roHuiar    forfiiatum    of 
fejnert,     5.  Spindle-shaped   and 
t^ranched    nerve-cells     of     mode- 
'  rate  size  arranged  chiefly  parallel 
to  the  free  surface  (fig,  46S).  This 
llayer  is  remarkable  in  being  broken 
by  tibrtry  ananged   in   groups 
ling  to  the  outer  layei-s. 
It  Is  a  noticeable  fact  that  the 
different  layers  do   not   bear   t!je 
tsame    i-elation   to  one  another  in 
f  thickness  in  different  regions.     In 
the  area  about  the  fissure  of  Ro- 
lando, which  we  shall  presently  see 
is  called  the  ^enmri-^notor  arta^  the 
large  pyramidal  cells  of  the  third 
layer  are  conspicuous  in  1*17:0  and 
number^  and  numerous  large  cells  arc*  found  in  the  fourtli  layer* 
These  latter  attain  their  greatest  development  in  the  pre-ceiitml 


Fi(f.  46e,-^Tbe  Liyeni  of  the  corllrjii 
(jie|  inallcT  of  the  oeiehrutn,.   ■ 
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and  post-central  convolutions.  The  gianular  layer  is  very  mail 
in  the  occipital  region,  forming  a  distinct  and  broad  diviiiaiiof 
fourth  layer.  The  large  cells  are  scarce.  In  the  fnmtal  legi 
the  pyramidal  and  fourth  layers  are  well  markod  bat  the  oelh 
less  numerous  ;  the  nuclear  layer  is  very  distinct  The  pyrum 
cells  are  those  from  which  the  motor  or  efferent  fibres  origioi 


-Principal  types  of  oeUa  in  the  oerebnd  oortez. 


A,  medium-aiMd  pynmidal  cell  of  the  eeoond  kyor. 

B,  large  pTramidal  cell  of  third  Uyer. 

C,  polTmorphous  cell  of  fourth  Uyer. 

D,  cell  of  which  the  axis-cylinder  prooeea  ia  aaoending. 
£,  neuxwlia  cell. 

F,  cell  ofthe  first,  or  molecular,  layer,  forming  an  intermediate  eell-ctatioa  b 
seiuory  fibres  and  motor  oells.  Notice  the  tangtntiai  directioa  of  the  nerve 

0.  sensory  fibre  from  the  white  matter. 
H,  white  matter. 

1,  collateral  of  the  white  matter.    (Bamon  y  Cajal.) 

The  separation  of  the  fifth  layer  from  the  rest  to  fom 
claustrum  in  the  region  of  the  Island  of  Reil  has  been  aL 
alluded  to  (p.  628). 

By  Golgi's  method  the  ari-angement  of  these  cells  has  bee 
cently  made  out  much  better.  The  above  diagram  (fig.  46 
taken  from  Ramon  y  Cajal's  Croonian  Lecture,  and  the  folli 
two  (figs.  470  and  471)  are  from  photo-microgniphs  kindl] 
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j  Dr.  Mott.    Fig.  470  represents  a  Bection  through  the  motor 
!x  of  the  human  brain,  and  shows  very  beautifully  the  large 


11§.  #71.— HuiELUi  oorebi&l  cort^ :  Qolfiii'fl  method.    (Hott.) 

widal  cells  with  dcndrona  passing  off  from  their  comerm,  and 
iis- cylinder  process  pissiii;^'  from   the  Imisc  of  each  towards 
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the  white  matter,  giving  off  collaterals  on  the   way.     Neoro^ 
cells  are  also  seen. 

Fig.  471  is  a  high-power  view  of  the  same ;  in  the  lower  put 
of  the  diagram  some  of  the  neuroglia-cells  are  seen  in  the  iheath 
of  a  small  blood-vessel. 

The  cells  of  the  cortex  thus  give  rise  to  .the  motor  or  efferent 
fibres ;  these  pass  into  the  white  matter  of  the  interior  of  the 
brain.  Some  go  either  directly  or  by  collaterals,  ( i )  to  the  cortex 
of  more  or  less  distant  convolutions.  These  are  called  Aiiociatum 
fibres.  (2)  Others  pass  to  the  corpus  callosum,  and  so  reach  the  cortex 
of  the  oppifeite  hemisphere.  These  are  called  Commis9ural  Jibm, 
In  each  case  they  terminate  by  arborisations  (synapses)  around 
the  cells  of  the  grey  matter  of  the  cortex;  while  others  again, 
especially  those  of  the  largest  pyrainidal  cells,  extend  downward 
through  the  corona  radiata  and  internal  capsule  and  become, 
(3)  fibres  of  the  pyramidal  tract.  These  are  called  Projectim 
fibres.  As  they  pass  down  they  give  off!  collaterals  to  the  ad- 
jacent grey  matter,  to  the  opposite  hemisphere  vid  the  corpus 
callosum,  to  the  corpus  striatum  and  the  optic  thalamus,  which 
terminate  there  by  arborisations :  the  main  fibres  terminate  in 
synapses  round  the  multipolar  cells  of  the  anterior  horn  of  the 
opposite  side  of  the  spinal  cord. 

The  cells  of  the  cortex  are,  in  addition  to  all  this,  surrouaded 
by  the  arborising  terminations  of-  the  sensory  nerve-fibree, 
which,  after  relays  at  various  oell-stations,  ^timatelj  reach  the 
cortex. 

We  are  now  in.  a  position  to  complete  diagram  440  (p-  595).  *n<l 
obtain  an  idea  of  the  relations  of  the  principal  cells  and  fibres  of 
the  cerebro-spinal  nervous  system  to  one  another. 

Pyr.  (fi^'.  472)  18  a  cell  of  the  Rolandic  area  of  the  cerebral  cortex ;  AX  is  its 
axis-cylinder  process  which  passes  down  in  the  pyramidal  tract,  and  croflses 
the  middle  line  ab  at  the  p3rramidal  decussation.  It  gives  off  collaterals,  out 
of  which  (rall^  is  shown  passing  in  the  corpus  callosum  to  terminate  in  an 
arborisation  in  the  cortex  of  the  opposite  hemisphere  ;  another  (str)  pasMs 
into  the  corpus  striatum.  In  i\ie  cord  collaterals  pass  off  and  end  in  arbori- 
sations round  cells  of  the  anterior  horn  of  the  spinal  cord  (see  also  fig.  440); 
the  main  fibre  has  a  similar  termination.  The  motor  nerve-Qbre  passes  from 
the  anterior  cqrnual  cell  to  muscular  fibres  where  it  ends  in  the  terminal 
arborisations  called  end-plates. 

Coming  now  to  the  sensory  fibres,  a  cell  of  one  of  the  spinal  ganglia  is 
shown.  1  ts  axis-cylinder  process  bifurcates,  and  one  branch  passes  to  the 
periphery  ending  in  arborisations  in  skin  and  tendon.  The  other  (central) 
branch  bifurcates  on  entering  the  cord,  and  its  divisions  pass  upwards  and 
downwards,  the  latter  for  a  short  distance  only ;  the  terminations  of  this 
descending  branch  and  of  collaterals  of  the  ascending  branch  round  the  cells 
of  the  spinal  cord  are  more  fully  shown  in  figure  440.  The  main  ascending 
branch  arlK>rises  around  a  cell  of  the  nucleus  gracilis  (N  o.)  pr  nucleus 
cuncatus  in  the  posterior  columnt:  of  the  bulb  ;  the  axis-cylinder  process  of 
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this  cell  panes  over  to  the  other  side  as  an  intenial  arcuate  fibre  (IJ^.))  ^^^ 
beoomas  longitiidiDal  as  one  of  the  fibres  of  the  mesial  fillet  (F),  which 
tenninatet  round  a  cell  of  the  optic  tbalamns  (o.T.),  from  which  a  new  axis- 
blinder  procesa  pasaes  to  form  an  arborisation  around  the  dendrons  of  one  of 


A.C.N 


Vig,  472. — Scheme  of  relationBhip  of  ccUh  and  iibics  uf  brain  and  cord,  (lu  the  preparation 
of  this  diagram  I  have  received  consideiable  assistance  from  Dr.  Mott.) 


the  cerebral  cells  (Cajal's  nerve-unit  of  association  a.c.n.)  in  the  surface  layer 
of  the  cortical  grey  matter  (shown  on  a  larger  scale  in  fig.  469  F)  ;  the  axis- 
cylinder  process  of  A.C.N,  arborises  round  the  dendrons  of  the  pyramidal  cell 
from  which  we  started. 

In  this  way  one  gets  a  complete  physiological  circle  of  nerve-units  ;  the 
segments  of  the  circle  are,  however,  anatomically  distinct,  and  the  impulses 
travel  through  contiguous,  not  through  continuous,  structures.  The  simple 
arrows  indicate  the  direction  of  the  impulses  in  the  efTerent  projection 
system  ;  the  feathered  arrows  in  the  afferent  projection  system. 
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Next  we  come  to  the  cozmectlonB  of  tiie  deiebelictii]*  One  of  tlM  cqUa^ 
kcralg  of  the  eititm>rf  nerve-fibre  &rborise«  roand  a  cell  of  CI»tke*>  colama, 
from  which  a  fibre  of  the  direct  certbellaJ  timet  pasaes  to  end  in  «n  iifcori. 
■dtion  around  a  ceU  in  the  vermia  of  the  cembellum*  p  la  one  of  the  oeili  at 
I'arkinje,  the  axia>cj]]Dder  proceaa  of  which  P.ftx  pa£sefi  to  the  ocreW 
spinal  axis ;  it  is  depicted  as  p&simg  down  to  envelop  ooe  of  this  c«lk  of  Um 
anterior  horn  ;  but  thii  bp^  never  b^n  satiefoctorilj  demonatiated  ;  h:?  % 
dotted  line  has  been  used  to  indicate  tbU  uncertainty. 

The  origin  and  destlDAtion  of  the  tract  of  Gowera,  which  are  also  mxUri 
of  doabt,  are  not  ahown  in  the  diagram  ;  the  fibr^  of  communicatioQ  ff^ 
the  cerebral  to  the  opposite  cerebellar  hemisphere,  which  p^iaa  thioag^  tb 
snpcrior  cerebellar  peduncle,  are  alio otnitted.  The  ajtapaihetic aTHtem^wilfa 
ifs  numerous  cell  etationi  in  the  sympathetic  ganglia,  we  haire  atudid  ia 
connection  with  the  blood- veasela  ana  viaoera  to  which  the  s^mpatbttic 
fibres  are  distributed  (see  eii|>ccially  pp.  390-305). 

o.M  is  the  ^rey  matter  which  ij  continuoua  from  spinal  cord  to  the  oi^tk 
thalamnsy  and  through  this  certain  afferent  impulscB,  »uch  aa  thoae  of  pk^ 
travel  upwarcls. 

Particular  attentii>n  ebould  be  paid  to  the  following  point ;  wbca  ti 
afferent  fibre  enters  the  npinal  cord,  it  dividea  itito  three;  mam  Ktt  d 
branches.  The  drst  set,  the  shortest,  forme  BjTiai)se9  wi^h  the  niotor  t^lUof 
the  anterior  horn  ;  here  we  have  the  anatomical  basis  of  spinal  reflet  action. 
I'he  second  set  pamf^  through  an  intermediate  eell -station  in  Clarke's  cohiu 
to  the  cerebelJum,  the  emerging  fibres  from  which  also  influence  the  mocor 
discharge  of  the  anterior  hom  cells.  The  third  set,  the  longest,  paases  lhM^b 
three  intermediate  celUatations  (the  first  in  the  nucleus  graciUfl  or  euueatiK 
the  second  in  the  optic  thalamus,  the  thud  in  the  a&Bociation  UDita  m  the 
cortex),  and  uhinnitely  reaches  the  pyramidal  nerve  cella  of  the  ccFebnl 
cortex,  the  effen;iil  fibres  (pjiamidal  fibres)  of  which  pa8s  to  the  motor  0^ 
of  the  anterior  comu  and  infiucnce  their  discharge.  The  motor  nerre  odli 
of  the  anterior  horn  may  thus  be  influenced  by  the  afferent  impulses  ria 
thi^  paths  or  nervous  circlet.  In  health,  all  these  nenroua  circles  are  in 
action  to  produce  co-ordinated  muscular  impulses.  In  looomotor  ataxj, 
which  is  a  degeneration  of  the  cells  of  the  ganglia  on  the  posterior  roots  ani 
their  branches,  all  these  nervous  circles  are  deranged,  and  the  result  is  k» 
of  reflex  action,  and  incoordination  of  muscular  movements. 


The  Convolution6  of  the  Oerebrom. 

The  surface  of  the  brain  is  marked  by  a  great  number  of  d^ 
pressions  which  are  called  fiwwres  or  tulci^  and  it  ia  this  foldmg 
of  the  surface  that  enables  a  very  large  amount  of  the  precioiii 
material  called  the  grey  matter  of  the  cortex  to  be  packed  within 
the  narrow  compass  of  the  cranium.  In  the  lowest  yertefantoi 
the  surface  of  the  brain  is  smooth,  but  going  higher  in  the  amiiiil 
scale  the  fissures  make  their  appearance,  reaching  their  greatot 
degree  of  complexity  in  the  higher  apes  and  in  man. 

In  an  early  embryonic  stage  of  the  human  fqetua  the  brain  is 
also  smooth,  but  as  development  progresses  the  sulci  appear 
until  the  climax  is  reached  in  the  brain  of  the  adult. 

The  sulci,  which  make  their  appearance  firsts  both  in  the 
animal  scale  and  in  the  development  of  the  human  fodtus,  are  the 
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They  remain  in  the  adult  as  the  deepest  and  beet  marked 
•uloi ;  they  are  called  the  primary  fisntres  or  nUci,  and  they 
divide  the  brain  into  lobes  ;  the  remaining  sulci,  called  the  secon- 
duMyJUwrts  or  «ii/c»,  farther  subdivide  each  lobe  into  convolutions 
or  gyri. 

A  first,  glieuioe  at  an  adult  human  brain  reveals  what  appears 
to  be  a  hopeless  puzzle ;  this,  however,  is  reduced  to  order 
iriien  one  studies  the  brain  in  different  stages  of  development, 
or  o(»npares  the  brain  of  man  with  that  of  the  lower  animals* 
The  monkey's  brain  in  particular  has  given  the  key  to  the 
pnasle,  because  there  the  primary  fissures  are  not  obscured 
by  the  complexity  and  contorted  arrangement  of  secondary 
fissures. 

The  next  figure,  comparing  the  brain  of  one  of  the  lower  monkeyb 


Fig.  473. 

A.  Bnun  of  adult  Maoftcaue  monkej. 

B.  Brain  of  child  shortly  Wore  birth. 

ne  two  braiiM  are  Tsry  niuoh  alike,  but  the  growth  forwarda  of  the  frontal  lobee  erm 
aAlUi  «axt7  stage  of  dereiomiient  of  the  human  brain  i«  quite  well  seen.  8,  Bssurs  of 
BfMoM ;  B,  flsBore  of  BoUodo. 


with  that  of  the  child  shortly  before  birth,  shows  the  close  family 
likeness  in  the  two  cases. 

Fig.  474  gives  a  representation  of  the  brain  of  one  of  the 
higher  monkejrs,  the  orang-outang,  where  there  is  an  inter- 
mediate condition  of  complexity  by  which  we  are  led  lastly  to  the 
human  brain. 

Let  us  take  first  the  outer  surface  of  the  human  hemisphere  ; 
the  primary  fissures  are — 

1.  Thefismre  of  Sylvius ;  this  divides  into  two  limbs,  the  pos- 
terior of  which  is  the  larger,  and  runs  backwards  and  upwards, 
and  the  anterior  limb,  which  passing  into  the  substance  of  the 
hemisphere,  forms  the  Island  of  BeiL 

2,  The  fissure  of  Bolando^  running  from  about  the  middle  of 
the  top  of  the  diagram  downwards  and'  forwards. 

.  3.  The  external  jxirieto-occipital  fissure  (Pak.  oc.  p)  parallel  to  the 
fissure  of  Rolando  but  more  posterior  and  much  shorter ;  in  some 
monkeys  it  is  longer  (see  fig.  474). 
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These  three  fiaamea  diYide  the  brain  into  fire  lobes* : — 
I ,   The  frontal  hhe  ;  in  front  of  the  Rasure  of  Kohmdo. 


Fff,  474.— Brain  uf  the  Omw,  |  lufcatnl  cbev  iilia^fiiif  tbt  nnrnngieBwat  of  tl*  ( 
volnlimui.  5|/,  ftnifttre  of  B^viuji ;  B,  ISmnuv  of  EoSiuiao ;  EP^  extcnwl  pufeif^  ^ 
flflvtire;    <Hf^  olfActory  loV;    CA*   c^ebclliifii ;    PV,  pooi   VATotU^   Jf<?» 


oblcmguli.    As  ooi^tncted  vitli  tW  faumiui  braio.  the  fmotAl  lobe  »  tborlMii 
reliidvsly,  tiie  flMura  of  ^Ivini  it  nT»IJ^ 
neQti  §xm  the  ex^tetiiiil  pMrloloHiedpitiLl  i 


feliidvsl^,  tiie  flMura  of  ^Ivini  it  nT»IJ^ui,\  thi'  U^mp>rrii-H|ibfmDidBl  lob^forf 

Bure  vOTy  well  markod.    (Orstiolef,!! 


a*   rA«  parietal  hbe  ;  between  the  fissure  of  Eoliindo  And  tfct 
external  paneto-occipitaJ  fiaaure. 


^iiofrr^t 


^Mr»  47i«~^ls^t  cetrbrU  befu»ipben,  rmbor  lUtlAiet, 

3.   Theoccipitai  lofn;  behind  tlie  ojit^md  parleto-oocipitsl  Bf^^^ 
4*  The  tempore  or  tm%pffr€i-§p/ienoiilai  iobe  ;  below  the  taui^  ^ 

5.   The  lelmnd  0/  Mml. 


LOBKB    OF    THE    BRAIN. 

I  Will  be  noticed  that  the  names  of  the  lobea  correspond  to 
p  of  the  bones  of  the  craniaJ  vault  which  cover  thorn.  There 
^  exact  correspondence  between  the  bonea  and  the  lobes,  but 
precise  position  of  the  various  convohitiona  in  relation  to  the 
ice  of  the  skull  is  a  matter  of  anatonij,  which,  in  these  daj^s 
irain-surgeiy,  is  of  overwhelming  importance  to  the  eargeon, 
position  of  a  localiaed  di^^ease  in  the  bmin  can  be  determioed 
f  ftccumtely,  as  we  shall  see  later,  hy  the  symptoms  exhibited 
ihe  pitient,  and  it  would  be  obviously  inconvenient  to  the 
ent  if  the  surgeon  was  umible  to  trephine  over  the  exact  spot 
pr  tthieh  the  diseased  convolution  lies,  but  had  to  make  a 
^r  of  expiomtory  holes  to  find  out  where  he  was. 


f%.  476.— Biglit  cerebnl  hemutphare,  mesial  surf  use. 


Itoh  lobe  is  divided  into  convoltitions  by  seeondary  fisHiires. 
♦  The  fi^ntal  lobe  is  divided  by  the  central  frontal  or  /tre* 
tai  sxdcm  which  runs  upwards  parallel  to  the  fissiiJ-e  of  FtoliiudOj 
^wo  iransvtTBe  frontal  iuki,  upper  and  lower,  into  four  convo- 
ys ;  namely  I  tlie  aMmdrng  fronttAi  convoiutmn  in  front  of  the 
je  of  Rolando,  and  three  trmmterMe  frontal  comfolutknis^  upper ^ 
ile^  mid  hner^  which  run  outwards  and  forwards  from  it. 
,  Tlio  parietal  lobe  has  one  important  secoudary  sulcus,  at 
running  parallel  to  the  fisi^ure  of  Kolando  and  thi-n  turning 
I  pamllel  to  the  margin  of  the  biain.  It  is  called  the  intra- 
wtai  sidcit^.  llie  lobe  is  thus  divided  into  the  asctndintf 
ital  convolution  behind  the  fissure  of  Ikilando,  the  s^upra- 
final  cofimdHiioft  between  the  intra- parietal  sulcus,  and  the 
re  of  Sylvius ;  the  angular  convoiutio/i  which  turns  round  the 
of  the  Sylvian  fissure,  and  the  superior  jnif^i^tftl  con volultonj  or 
ital  lobuky  in  front  of  the  estcrual  parieto-occipital  fissure. 
H  The  oecipital  lobe  is  divided  into  upper ^  middle^  and  lovm^ 
ntal  convolutions  by  two  secondary  fiss tires  running  across  it. 
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Fig.  477.— Orbital  nurfue  of  fnmUt  l«b«, 
M,  nuffginni  oouTolntion. 
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4.  The  temporal  lobe  is  iiimkrly  divided  into  ^t^^per,  wtid^ 
and  lower  ttmpoi'ul  convolution*  by  two  fiflsurea  ruimiiig  puiiy 
to  the  fissure  of  Sylviuii ;  the  upper  of  these  fiflauree  b  oklled  tljc 
parcUlel  fissure. 

5.  The  Island  of  Beil  m  divided  iDto  conTolutioDi  hy  tlu 
breaking  up  of  the  anterior  limb  of  the  Sylvian  fissure- 

CJomuig  liow  to  the  mesial  surface  of  the  hamisphere  (fig.  ^j^ 
its  subdiyisions  are  made  evident  bj  cuttiog  through  the  oofpoi 
oallosum  which  unites  the  hemisphere  to  its  fellow.    The  ml^ 

division  into  lobes  is  not  10 
apparent  here  as  on  the  exteim] 
surface  of  the  hemisphere,  w  \t 
inay  pass  at  once  to  the  con^o- 
lutious  into  which  it  is  brorkoi 
up  by  fissures. 

In  the  middle  the  corpui  eil- 
loeum  is  seen  cut  acrow ;  &bov« 
it  and  parallel  to  its  upper  boidcT 
is  a  fissure  called  the  €aM(m> 
mdtgiTial  Jisiurt  which  tuma  up 
and  ends  on  the  surface  near  the 
upper  end  of  the  fissure  of  Ro- 
lando. The  convolution  abore 
this  is  called  the  marginal  convo- 
lution, and  the  one  below  it  the  callotal  convolution  or  gynu 
fomicatus.  The  deep  fissure  below  the  corpus  calloeum  running 
from  its  posterior  end  forwards  and  downwards  is  called  the  deniaU 
fissure ;  this  forms  a  projection  seen  in  the  interior  of  the  Imtenl 
ventricle  and  called  there  the  hippocampus  major ;  it  is  aometiiiMi 
called  the  hippocampal  convolution  which,  together  with  the  gym 
fomicatus  above  the  corpus  callosum,  constitutes  the  limbic  Me. 
Bblow  the  dentate  fissure  is  another  called  the  eoUaUral  JUmsn, 
aix)ve  which  is  the  vmcinate  convolution,  and  bdow  which  is  the 
in  ferior  temporal  convolution  which  we  have  previously  seen  on  the 
external  surface  of  the  hemisphere  (see  fig.  475).  In  the  oodpitsl 
region  the  internal  parieto-occipitcU  fissure,  which  is  a  oontiniiatioB 
of  the  external  parietooccipital  fissure,  passes  downwards  sod 
forwards  till  it  meets  the  calcarine  fissure ;  these  two  endose 
between  them  a  wedge-shaped  piece  of  brain  ealled  the  cuneus  or 
cnneaU  lobule ;  the  square  piece  above  it  is  called  the  precwntvt 
or  quadrilateral  lobule. 

The  only  convolutions  now  left  are  those  which  are  placed  on 
the  surface  of  the  frontal  lobe  that  rests  on  the  orbital  plate  of 
tlie  frontal  bone ;  they  are  shown  in  fig.  445,  2   2'  2'\  and  may 


S.Oy  Anterior  limb  of  Srlvifta  i 

S.pt  posterior  limb  of  SylTiMi  flMore. 


A.P.8.,  anterior  perforated  ipot. 
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Ix?  seen  diagraramatically  in  fig.  477,  the  end  of  the  tenipoml 
lobe  being  cut  off  to  expose  the  convolutions  of  the  central  lobe 
or  Islaud  of  Reil. 

Along  the  edge  is  the  continuation  of  the  marginal  convolution 
(u) ;  next  comes  the  olfactory  sulcus  (o)  in  which  the  olfactory 
trmict  and  bulb  lie ;  then  the  triradiate  orbital  sulcus  (o.s.)  which 
cUvides  the  rest  of  this  surface  into  three  convolutions. 


CHAPTER    XLVIL 

FUNCTIONS  OF  THK  SPINAL  CORD. 

Ths  functions  of  the  spinal  cord  fall  into  two  categories : 
fuDctions  of  the  grey  matter,  which  consist  in  the  reflection  of 
afierent  impulses,  and  their  conversion  into  efferent  impulses 
ijrtfiex  action) ;  and  functions  of  the  white  matter,  which  are 
Ihoee  of  conduction. 

The  Ck)rd  as  an  Organ  of  Conduction. 

We  have  studied  at  some  length  the  various  paths  in  the  white 
mattery  and  so  we  have  the  materials  at  hand  for  recapitulating 
the  main  facts  in  connection  with  the  physiological  aspect  of  the 
problem. 

Complete  section  of  the  spinal  cord  in  animals,  and  diseases  or 
injuries  of  the  cord  or  spinal  canal  in  man,  which  practically  cut 
the  cord  in  two,  lead  to  certain  histological  changes  of  a  degene- 
lative  nature,  which  we  have  already  studied,  and  to  physiological 
results,  which  are  briefly — (i)  paralysis,  both  motor  and  sensory, 
of  the  parts  of  the  body  supplied  by  spinal  nerves  which  originate 
below  the  point  of  injury ;  and  (2)  increased  reflex  irritability  of 
the  same  parts,  the  reason  for  which  we  shall  study  immediately. 

Hemisection  of  the  cord  leads  to  degenerative  changes  on  the 
same  side  of  the  cord,  and  loss  of  motion  and  sensation  on  the 
same  side  of  the  body  below  the  lesion  (see  p.  600). 

The  motor  path  in  the  cord  from  the  brain  is  the  pyramidal 
tract;  the  anatomy  of  this  tract  is  described  in  Chapters 
XLIL  to  XLYL,  and  ^e  need  do  no  more  here  than  remind  the 
reader  that  it  originates  from  the  pyramidal  cells  of  the  cortex  of 
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the  opposite  cerebral  hemisphere,  and  that  the  prineipil  deou**" 
tiou  ocaurs  at  the  lower  piirt  of  the  bulb* 

The  sensorj  tracts  are  more  complex,  on  aceoimt  of  il. 
rous  cell-stationa  on  their  course.     The  path  for  tactile  hii 
oular  sense  impresaious  is  up  the  posterior  columns  to  the  uucieit* 
gracilis  and  nucleus  cuneatus ;  thence  by  the  internal  tfturf^ 
tibres  and  fillet  to  the  optic  thalanms,  and  thence  hj  the  po*^*" 
rior  part  of  the  internal  capsule  to  the  Eolaudic  area  of  the  q^^ 
site  cerebral  hemisphere;  the  decusaation  of  the  fillet  oocuf**^ 
the  bulb, 

Schitf,  one  of  the  earl  lest  to  work  at  the  subject  of 
ducting  paths  in  the  cord,  arrived  at  the  Donolusion  that  pain^^* 
impresBiotiB  traveUe*i  to  the  brain  by  the  grey  matter  of 
cord.  This  conclusion  was  regarded  as  paradoxical,  for  wbtf* 
matter  is  conducting,  grey  matter  is  central  or  reflecting.  B*** 
the  conclusion  is  not  so  paradoxical  as  it  ap|ieani  at  fi^ 
sight  J  for  we  now  know  the  grey  matter  is  made  up  irf  I 
uuita,  communicating  physiologically  by  their  interlaoem«iif  ^ 
dendrons ;  and  it  is  quite  easy  to  tmderBtand  that  impulse!  trtfy 
travel  up  grey  matter  through  a  vast  series  of  cell  statiiNii  tf 
positions  of  relay.  The  more  exact  methods  of  modem  reseiftb 
have  gone  far  to  justify  8 chief's  conclusions,  and  it  is  nov  geo^ 
rally  held  that  the  impulses  due  to  painful  imprespsions,  and  12*° 
those  produced  by  beat  and  cold,  trayel  up  to  the  optic  thalaaii^ 
by  the  loopingB  of  fibres  from  cell  to  cell  through  the  tiac*  ^ 
grey  matter,  which  is  con  tin  no  us  from  cord  to  optic  thiJiBJU* 
(fig.  472,  o-M.);  from  the  optic  thalamus  the  fibres  of  the  ooruw 
radiata  carry  on  the  impulse  to  the  cortex.  Thesa  conclusioni  t^ 
confirmed  by  recent  ex|:»enment3  on  hemisection  (he^  p.  6oQ)r  ^ 
by  the  phenomena  seen  in  certain  diseases.  One  of  lb©  w:^ 
instructive  of  these  from  the  physiological  stitndpolni  is  kw^^ 
as  iocornot/rr  atiLo/.  This  disease  is  an  affection  of  the  nlfaftn^ 
chanuek,  atitl  the  nioBt  marked  and  constant  chajige  in  the  »p^ 
cord  iM  a  degenenitivc*  one  in  the  posterior  cohmim.  Iti  ^ch  » 
case  muscukr  and  tactile  sense  are  abolished,  particularly  m  tb« 
lower  limits,  but  painful  and  thermal  sensations  are  felt.  On  tk 
other  hand,  in  the  disease  of  thi^  grey  matter  of  tlie  aipj  caUri 
i^nfoni^fimj  sensations  of  heat,  cold  and  pain  aitt  lo«tf  i^ 
tactile  sdnaatious  remain. 

Some  afferent  impulses  reach  the  cerebellmn  via  the  oelli^' 
Clarke's  column  and  the  direct  or  dorsal  cerebellar  tract  to  tfa» 
restlform  body  and  inferior  peduncle  of  the  cerebellum*  '* 
terminates  in  the  vermis  or  middle  lol>e  of  the  ccrvbelltim ;  tlw 
^hrm  of  the  tract  of  Gowers  originate  in  cells  at  tho  btae  of  tb^ 
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t€rior  horn  of  the  opposite  bide  of  the  cord,  and  those  of  its 
ibres  which  etjfcer  the  cerebellum  do  ao  bj  its  superior  peduncle, 
,d  these  also  end  in  the  Termia. 

This  leaves  \is  atill  one  more  set  of  fibres  to  consider ;  these 
the  fibres  that  leave  the  cerebellum  and  travel  up  to  the  bniiu 
down  the  cord.  They,  like  most  of  t!ie  other  tracts,  have  been 
reatigated  bj  the  degeneration  method.  Their  exact  course  is, 
wever,  uncertain,  though  probably  they  iiltimatel y  tcrminat'e  by 
borisiug  round  the  multipolar  cells  of  the  cerebnim  and  of  the 
terior  honi  of  the  cord  (see  fig,  472,  p*  635  ;  see  also  p,  667). 

Hoh?iferliaa  recently  abtaiued  results  which  naaj  modify  some  of  the  8laLe- 

[iietits  [ii:u1l  previously  : — (1)  Thfit  the  pyramidal  fibres  terminate  anmnd 

he  cells  at  the  btise  of  the  jxwlerior  horn  ;  theise  cells  would  therefore  act 

intermediate  cell  vtjitiotitt  on  the  wuy  ti)  thoEO  in  the  anterior  horn  ;  (2) 

tlic  tibm^  of  Gowers'  tract,  like  those  of  the  direct  ecrebeliar,  t^ 

origin  in  Clarke*s  column. 


Beflex  Aotion  of  the  Spinal  Oord, 

There  are  two  theories  of  a  speculative  tiature  regarding  the 

elationfihip  of  reflex  and   voluntary   aetiona  ;    one  is,   that  all 

aona  are  in  essence  reflex,  and   that  the  fio-ealled  voluntary 

tions  are  modified  reflexes,  in  which  the  afferent  impulse  to  actj 

augh   often   obscure,  is  oevertheless  by  seeking  always  to  be 

Put   in  popular  language,  this  theory  implies   that  we 

really  no  such  thing  as  a  will  of  our  own,  but  otir  actions 

simply  the  result  of  external  circumstanceB* 

The  other  theory   is    the    exact    opposite^ — namely,   that  all 

tioua  are   in   the  beginning  volnntaiy,  and  betiora©  re^ex  by 

Rctice  in  the  lifetime  of  the  individual,  or  the  lifetime  of  hia 

icsestors,  who  transmit  this  character  to  their  descendants. 

This  is  not  the  place  to  discuss  a  philosophical  question  of 
lis  kind,  and  still  less  the  debated  question  whether  acquired 
laract^ra  are  transmissible  by  inheritance.  The  diatinetion  be- 
tween voluntary  and  reflex  actions  is  a  useful  practical  one^  and 
eertainly  it  caimot  be  doubted  that  many  practised  actions 
become  reflex  in  the  lifetime  of  every  one  of  us.  Take  walking  as 
Rm  example :  at  first  the  act  of  locomotion  is  oue  in  which  the 
brain  is  concerned  j  it  is  an  action  demanding  the  concentration 
rof  the  attention ;  but  later  on  the  action  is  largely  carried  out  by 
be  spinal  cord,  the  afferent  impulses  to  the  cord  from  the  feet 
directing  the  eiferent  impulses  to  the  muscles  concerned. 

The  reflex  actions  of  the  spinal  cord  may  first  be  studied  in  a 
brainleas  frog,  as  in  this  animal  the  spinal  cord  possesses  a  great 
r  power  of  coiitroUing  very  complex  reflex  actions. 
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BeflexBS  m  a  ]&7«izil6S9  Frog. 

After  destruction  of  the  brain  the  shock  of  the  operrtkmi®^ 
ders  the  animal  for  a  abort  time  motioiile^  and  irrc«pc;n*i«  lo 
stimuli,  but  iu  t\  few  minutes  it  gradually  a^umea  a  puutkfl 
whieb  differs  but  little  from  tbiit  of  a  liviug  cotisciou«  fro^  H  I 
tbrowu  into  water  it  uill  swim;  if  placed  on  a  aknting  \mA  ^ 
will  crawl  up  it  (Goltz) ;  if  stroked  on  the  flatiks  it  will  tTaik 
(Golti) }  if  it  is  kid  on  its  back,  and  a  small  piece  of  bkntini 
paper  moistened  with  acid  be  placed  on  the  skin,  it  wiJJ  gencmtlf 
Buoceed  in  kicking  it  off ;  if  a  foot  is  pinched  it  will  draw  tk 
foot  away ;  if  left  perfectly  quiet  it  remains  motionlesfti 

The  muscular  response  that  follows  an  excit&tiiwi  of  AffiD^ 
face  is  purposiYe  and  constant,  the  path  along  which  the  iin|mlii 
is  propagated  being  definite. 

Under  certain  abnormal  conditions^  however,  the  propagitwi* 
of  the  impulse  in  the  cord  is  widespread,  the  normal  path«  hmp 
as  it  were,  broken  down.  This  is  seen  in  the  convukioiu  tl)>t 
oeeur  on  slight  eieiUlion  iu  animals  or  men  who  hhvt  miktd 
from  profuse  haemorrhage,  or  iu  the  diaeaae  ciilled  loekjav  ^ 
tetanus.  Such  a  condition  ta  easily  demonstmble  in  a  hmislii^ 
frog  under  the  influence  of  strychnine :  after  the  injectkm  of  ^ 
few  drops  of  a  i  per  cent,  solution  under  tlie  skin,  cuUineoo' 
«xcitalion  no  longer  produces  co-ordinated  muacularreapoiiMi|bB( 
paroxysms  of  conynlsionSf  in  which  the  frog  assumes  &  din*^ 
tL'ristic  attitude,  with  arms  fleied  and  legs  oi tended, 

Spr^a4ing  of  r^/texe*. — ^If  one  lower  limb  is  excited,  it  is  tb^^ 
limb  which  respQuds :  if   the  excitation  is  a  strong  one  it  «i^ 
spread  to  the  limb  of  the  opposite  aide,  and  if  stronger  stiU  ^m 
the  upper  limbs  also. 

Cumuiatiim  of  rf^w. — This  m  well  iUustrated  by  Tartk^ 
n method.  If  a  number  of  bakers  of  water  are  prepared,  aciduiit<^ 
with  J,  3,  4,  hQ.  p&rts  of  sulphuric  acid  per  i,ooo,  and  the  tip* 
of  tiie  frog's  toee  are  immersed  in  the  weakest|  tlie  frog  at  M 
takes  no  nutioe  of  the  fact,  but  in  time  the  cumulation  or 
million  of  the  sensory  impulses  causes  the  anixnal  to  withdm*  i 
feoL  If  tljia  is  repeated  with  the  stronger  liquids  ia  Mi^oomaO^ 
ihe  time  that  intervenes  before  the  muacles  respond  beoomii  ki* 
atid  lees.  This  method  also  series  to  test  reflex  irritability  vkm 
tljL'  frog  is  under  the  Influence  of  various  drugs. 

InhMtion  of  rffifjre$.—lt,  instead  of  the  whole  biaiii,  tho  esrt^ 
brum  only  is  dt^tnn  ed,  and  the  optic  lobes  are  left  intiieti  rmfmit^ 
IQ  excitation  is  much  slower,  the  influence  of  the  rtmainigg  ptft 
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of  the  l>rain  inhibiting  the  reflex  action  of  the  cord.  Or  if  in 
doing  the  experiment  with  acid  just  described  the  toes  of  the 
other  foot  are  being  simultaneously  pinched,  the  response  to  the 
moid  is  delayed.  Inhibition,  or  delay  of  reflex  time  is  thus  pro- 
duced by  other  sensations,  which,  as  it  were,  take  up  the  attention 
of  the  oonL 

Thm  influence  of  the  brain  on  the  cord  is  also  illustrated  in 
SUBI,  by  the  fact  that  a  strong  efibrt  of  the  will  can  control  many 
x^aflez  actions.  It  is,  for  instance,  possible  to  subdue  the  tendency 
%o  Bneeze ;  if  one  accidentally  puts  one's  hand  in  a  flame,  the 
natoral  reflex  is  to  withdraw  it :  yet  it  is  well  known  that 
Oranmer,  when  being  burnt  at  the  stake,  held  his  hand  in  the 
flames  till  it  was  consumed. 

After  the  spinal  cord  has  been  divided  by  injury  or  disease  in 

,  %he  thoracic  region,  the  brain  can  no  longer  exert  this  controlling 

:  action  ;  hence  the  part  of  the  cord  below  the  injury  having  it, 

^J  mm  it  were,  all  its  own  way,  has  its  reflex  irritability  increased.* 

The  increase  of  reflex  irritability  is  also  seen  in  the  disease  called 

tmieral  sclerons ;  here   the  lateral  columns,  including  the  pyra- 

r  nidal  tract,  become  degenerated,  and  so  the  path  from  the  brain 

|to  the  cells  of  the  cord  is  in  great  measure  destroyed.     In  these 

psKtients  the  increase  of  reflex  irritability  may  become  a  very 

t  oAressing  symptom,  slight  excitations,  like  a  movement  of  the 

hri-clothes,  arousing  powerful  convulsive  spasms  of  the  legs. 

Iteflex  time, — In  the  frog,  deducting  the  time  taken  in  the 
timnsmission  of  impulses  along  nerves,  the  time  consumed  in  the 
€ord  (reflex  time)  varies  from  0*008  to  0*015  second;  if  the 
raflez  crosses  to  the  other  side  it  is  one-third  longer.  It  is 
leasened  by  heat,  and  under  the  influence  of  a  strong  stimulus. 


Beflez  Action  in  Man. 

The  reflexes  obtainable  in  man  form  a  most  important  factor 
in  diagnosis  of  diseases  of  the  nervous  system ;  each  action  is 
effected  through  an  afferent  sensory  nerve,  a  system  of  nerve-cells 
in  the  cord  termed  the  reflex  centre,  and  an  efferent  motor  nerve  ; 
the  whole  constitutes  what  is  called  the  refitx  arc.  The  absence 
of  certain  reflexes  may  determine  the  position  in  the  spinal  cord, 
which  is  the  seat  of  disease. 

*  In  some  injaries  to  the  conl  produced  by  crushing,  there  is  a  loss  of  re- 
flexes below  the  injury.  These,  however,  arc  not  simple  transverse  lesions ;  the 
loss  of  reflex  action  is  due  to  extensive  injury  to  grey  matter  br  haemorrhage. 
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Two  formE  of  reflex  action  muflt  be  distinguished  ; — 

1.  Superficial  reflexes.  These  are  true  reflex  actions,  nM  m 
excited  by  stimulation  of  the  skin. 

2.  Deep  reflexes  or  tendon  reflexes.  This  is  a  moat  lujdeHirtbJt 
name,  m  they  are  not  true  reflex  action  b. 

Superficial  He  flexes. — These  are  obtained  by  a  gentle  etimit 
lation,  such  as  a  touch  on  the  skin  ;  the  muscles  beneatb  ve 
usually  aflected^  but  muscles  at  a  distance  may  be  aflected  &l»x 
Thus  a  prick  near  the  knee  will  cause  a  reflex  flexion  of  the  hip. 

The  most  important  of  these  reflexes  are  :-— 

a.  Plantar  reflex :  withdrawal  of  the  feet  when  the  soles  an 
tickled, 

b.  Gluteal  rtflex :  a  contraction  in  the  gluteus  when  tlie  Ekb 
over  it  is  stimulated. 

c.  CrernasUric  reflex:  a  retraction  of  the  tea  tide  whea  ih^ 
skin  on  the  inner  side  of  the  thigh  is  stiraulated- 

d.  AbdoTJitTial  rejlex  in  the  muscles  of  the  abdominal  wall  whai 
the  skin  over  the  side  of  the  abdomen  is  stroked  ;  the  upper  pan 
of  this  reflex  is  a  very  definite  contraction  at  the  epigastrium^  and 
has  been  termed  the  epigastric  reflex. 

e.  A  series  of  similar  reflex  actions  may  be  obtained  in  ^ 
muscles  of  the  back,  the  highest  being  in  the  muscles  of  the  scapuk 

f.  In  the  region  of  the  cranial  nervea  the  most  important 
reflexes  are  those  of  the  eye — (i)  the  txmjufuitivai  reflex,  llie 
movement  of  the  eyelids  when  the  front  of  the  eyeball  is  toncli»i ; 
and  (ii)  the  contraction  of  the  tris  on  exposure  of  the  eye  to  light, 
and  itfe  dilatation  on  atiraulation  of  the  skin  of  the  neck. 

Tendon  Eefleses* — When  the  muscles  are  in  a  state  of  slight 
tension,  a  tap  on  tlieir  tendons  will  cause  them  to  contract  Thi 
two  so-called  tendon  reflexes  which  are  generally  examined  a» 
the  patella  tendon  reflex  or  knee-jerk^  and  the  foot  phenomenon  or 
ankle-clmmi. 

The  hMe-jrrk. — The  quadriceps  muscle  is  slightly  stretched  bj 
putting  one  knee  over  the  other ;  a  slight  blow  on  the  patelli 
tendon  causes  a  movement  of  the  foot  forwards,  as  iJidit^ted  in 
the  dotted  line  of  fig.  478,    This  phenomenon  is  present  in  healtL 

AnkJe-don'u^. — This  is  elicited  as  depicted  in  the  next  figure : 
the  hand  ia  pressed  against  the  sole  of  the  foot,  the  calf  muscles 
are  thus  put  on  the  stretch  and  they  contract,  and  if  the  pressure 
is  kept  up  a  quick  succession  or  clonic  series  of  contractions  b 
obtained.     This,  however,  ia  not  readily  obtained  in  health. 

These  phenomena  are  not  true  reflexes  ;  the  time  that  inter- 
venes between  the  tap  and  the  response  is  so  short  that  they  must 
he  due  to  direct  &t\m\ilatvo\i  oi  the  musclea  or  of  their  tendons. 
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Nevertheless,  the  idea  that  they  are  reflex  is  supported   by  the 
•following  facts : — 

I.  There  are  nerves  in  tendon. 


Fig.  478.— The  Knee-jerk.    (Goweia.) 


2.  The  phenomena  depend  for  their  occurrence  on  the  integrity 
[  cf  the  reflex  arc     Disease  or  injury  to  the  afferent  nerve,  efferent 


Fig.  479.— Ankle-doouB.    (Gowen.) 


nerve,  or  spinal  grey  matter,  abolishes  them.  Thus  they  cannot 
be  obtained  in  locomotor  ataxy  (damage  to  the  posterior  nerve- 
roots),  or  in  infantile  paralysis  (damage  to  the  anterior  horns  of 
grey  matter). 
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3.  Thej  are  exoesaiTe  in  thoftd  coiiditicms  tlmt  increftis  tibetm 
reflex  irritability,  such  aa  eeveraoce  of  bmiti  from  oonl,  tud  k 
lateral  scleroais. 

How,  then,  is  it  poesibbe  to  reconcile  these  two  seta  of  fidtt  1 
The  explanation  advanced  hy  Sir  William  Go  wars  does  io  baet; 
it  is  briefly  aa  follows  i— 

(i)  The  tendon  reflexes  are  not  refiexea,  but  are  due  to  diraa 
stimulation  of  the  muscle  itself. 

(ii)  In  order  that  the  muscle  may  respond  it  is  neceesaiy  tibit 

it  be  in  an  irrj  table  condition;  this  is  accomplished  by  putting  it 

slightly  on  tlie  ttretch,  and  so  calling  forth  the  condition  c^ 

tonus  (see  p.  136),  a  readiness  to  contract  on  slight  ptoTocfr 

.  tion. 

(iii)  Muscular  tonus  depends  on  the  integrity  of  the  reflEi 
arc.  The  sensory  stimulus  for  this  reflex  muecular  tone  siim 
either  in  the  muscle  itself,  or  more  probably  in  the  coudi* 
tion  of  the  antagonistic  muaclea.  (See  more  fully,  next  pftn^ 
graph  but  one.) 

(iv)  Hence  injury  to  any  part  of  the  reflex  arc,  by  aboliahbg 
the  healthy  tone  of  a  muscle,  deprives  it  of  that  irriUble 
condition  neceasary  for  the  production  of  these  so-called  reflei 
actions. 

Beoiprooal  Action  of  Antagonistio  MuscleSi — This  is  in 
interesting  bniucfv  of  muscle  physiology  related  to  the  queatiQl 
of  tendon  reflexes,  which  we  owe  to  the  researches  of  ShemngtOL 
In  brief,  he  show«  that  the  inhibition  of  the  touua  of  a  Toluutuj 
muscle  may  be  brought  about  by  excitation  of  its  antagonist 

Movement  at  a  joint  in  any  direction  involves  the  shortenii^ 
of  one  set  of  muscles  and  the  elongation  of  another  (aDtagonistic) 
set.  The  stretching  of  a  muscle  prf^duced  by  the  contraction  of 
its  antagonist  nmy  excite  (mechanically)  the  sensorial  or^guu 
(probably  thi^  muiicle-spiudlos,  see  p.  96)  in  the  muscle  tb&t  it 
under  extension  ;  in  thin  wn.y  a  reflex  of  pure  muscular  initimUaD 
may  be  started,  Expcritnents  show  tliat  electrical  exoitatiois  of 
the  central  end  of  an  exchistvely  must-ular  ncrv©  prodncxai  inhibi- 
tion of  the  t'jiiuM  of  itj^  autiigonist  For  instauce,  the  central  end 
of  the  severed  han^string  nerve  is  faradised.  This  nerve  contains 
in  the  cat  4510  nerve-fibres,  and  of  these  about  1810  are  sensory 
in  function  * ;  these  come  from  the  flexor  muscles  of  the  knee,  not 
from  the  skin.  The  effect  of  the  stimulation  of  the  nerve  on  the 
tonus  of  the  extensor  muscles  of  the  knee  is  seen  (a)  in  elongation 


*  The    iium])or   of   sensory  nerve-fibres  is  determined  by  countiDg  the 
degenerated  ftbres  in  the  uerv^.^  otter  sectloa  of  the  posterior  herve-rootB. 
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of  those  muaoles,  {b)  in  temporary  diminution  of  the  knee-jerk. 
The  experiment  may  be  varied  as  follows  :  the  exposed  flexor 
musdes  detached  from  the  knee,  and  therefore  incapable  of 
mechanically  affecting  the  position  of  the  joint,  are  stretched  or 
kneaded.  This  produces  a  reflex  elongation  of  the  extensor 
muscles  of  the  knee  and  a  temporary  diminution  of  the  knee-jerk. 
The  effects  are  in  fact  the  same  as  those  produced  by  faradisa- 
tion of  the  central  end  of  the  nerve  supplying  them.  It  may 
therefore  be  that  reciprocal  innervation,  which  is  a  common  form 
of  co-ordination  of  antagonistic  muscles,  is  secured  by  a  simple 
reflex  mechanism,  an  important  factor  in  its  execution  being  the 
tendency  for  the  action  of  a  muscle  to  produce  its  own  inhibition 
reflexly  by  mechanical  stimulation  of  the  sensory  apparatus  in  its 
antagonist 

On  p.  636  we  have  drawn  attention  to  the  three  *^  nervous 
circles  "  by  which  an  afferent  impulse  may  affect  the  motor  dis- 
charge from  the  anterior  horn-cells  of  the  cord ;  there  is  the  short 
path  by  the  collaterals  of  the  entering  fibre  which  pass  directly 
to  these  cells,  and  there  are  the  two  longer  paths,  vid  the  cerebel- 
lum and  cerebrum  respectively.  In  the  execution  of  a  voluntary 
action  all  three  circles  arc  in  activity  to  produce  the  co-ordination 
and  due  contraction  and  elongation  of  antagonistic  muscles  which 
characterise  an  effectivje  muscular  act.  Section  of  the  posterior 
roots  produces  not  only  an  inability  to  carry  out  reflex  actions,  but 
also  leads  to  an  inability  to  carry  out  effectively  those  more  compli- 
cated reflex  actions  which  are  called  voluntary  and  in  which  the 
brain  participates.  Locomotor  ataxy,  or  tabes  dorsalis,  is  a  slowly 
progressive  disease,  the  anatomical  basis  of  which  is  a  degeneration 
of  the  nerve-units  of  the  spinal  ganglia.  It  is,  therefore,  analogous 
to  a  physiological  experiment  in  which  the  posterior  roots  are 
divided,  and  although  fibres  may  remain  which  still  allow  of  the 
passage  of  nervous  impulses,  the  action  of  the  three  circles  is 
greatly  interfered  with  ;  the  spinal  reflex  arc  is  at  fault ;  this 
is  shown  by  the  loss  of  reflex  action,  the  disappearance  of  the 
tendon  reflexes,  jmd  the  want  of  tonus  in  antagonistic  muscles ; 
the  main  symptom  of  the  disease  is  want  of  muscular  co-ordina- 
tion, and  this  is  produced  not  only  by  the  lesion  in  the  spinal 
cord,  but  is  accentuated  by  the  want  of  continuity  in  the  other 
two  circles,  so  that  the  brahi  is  unable  to  effectively  control  the 
motor  discharge  from  the  anterior  conmal  cells. 

Beaotion  Time  in  Kan. — The  term  reaction  time  is  applied  to  the  time 
occupied  in  the  centre  in  that  complex  response  to  a  pre-arranged  stimulus  in 
wbicn  the  brain  ns  vccll  as  the  cord  comes  into  play.  It  is  sometimes  called 
the  pertonal  equation.     It  may  be  most  readily  measured  by  the  electrical 
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method,  and  the  accompanying  diagram  (fig.  480)  wUl  illustrate  onedtbe 
numerous  arrangements  which  have  been  proposed  for  the  purpose. 

In  the  primary  circuit  two  keys  A  and  B  are  included,  and  a  duooo- 
gT&ph  (i),  arranged  to  write  on  a  revoWing  cylinder  (fast  rate).  Another 
chronograph  (2),  marking  i-iooths  of  a  second,  is  placed  below  this.  The 
experiment  is  performed  by  two  persons  C  and  D,  The  key  A,  under  the 
control  of  C  is  opened.  The  key  J?,  under  the  control  of  D  is  closed.  The 
electrodes  E  are  applied  to  some  part  of  D'b  body.    C  closes  A,    The 


Fig.  480.— Beaction  thne. 


primary  circuit  is  made,  and  the  chronograph  moves.  As  soon  as  D  feels 
the  shock  he  opens  By  the  current  is  thus  broken,  and  the  chronograph  le?er 
returns  to  rest.    Measure  the  time  between  the  two  movements  of  the 


Fig.  481.— The  Dilemma. 

chronograph  {i),hj  means  of  the  time  tracing  written  by  chronojrraph  (2). 
From  this,  the  time  occupied  by  transmission  along  the  nerves  has  to  be 
deducted,  and  the  remainder  is  the  reaction  time.  It  usually  varies  from 
O'l  J  to  o*2  second,  but  is  increased  in  ; — 

The  Dilemma. — The  primary  circuit  is  arranged  as  before.  Lead  the 
wires  from  the  secondary  coil  to  the  middle  screws  of  a  reverser  without 
cross  wires.  To  each  pair  of  end  screws,  attach  a  pair  of  electrodes  E  and 
B,  applied  to  different  parts  of  i>'s  body  (Fig.  481). 

Arrange  previously  that  D  is  to  open  B^  when  one  part  is  stimulated,  but 
not  the  other,  C  adjusting  the  reverser  unknown  to  D.  Under  these  cir- 
cumstances the  reaction  time  is  longer. 

The  reaction  time  in  response  to  various  kinds  of  stimuli,  sound,  light, 
pain,  etc.,  varies  a  |j:ood  deal ;  the  condition  of  the  subject  of  the  experiment 
is  also  an  important  factor.  This,  however,  is  really  a  practical  branch  of 
psychology,  and  has  recently  been  much  worked  at  by  students  of  that 


cw.  xLVlii.]         FUNCTIONS    OP    THB    CEREBRUM.  65 1 

Speelal  Oantres  In  the  Oord. — In  addition  to  the  general  function  of 
reflex  action,  the  grey  matter  also  exercises  control  over  certain  special 
jM^tions. 

OUiO'^nal  centre;  this  centre  controlling  the  dilatation  of  the  pupil  is 
•ituated  in  the  lower  cervical  region,  reaching  as  far  down  as  the  origin  of 
the  first  to  the  third  thoracic  nerve. 

Qentres  for  de/cecation,  micturitiony  erection.,  and  parturition^  are  situated 
in  the  lumbar  enlargement  of  the  cord. 

Subsidiary  rmo-motor  centra  are  scattered  through  the  grey  matter  the 
principal  vaso-motor  centre  being  situated  in  the  bulb. 


CHAPTER   XLVIII. 

FUNCTIONS  OF  THE  CEREBRUM. 

The  brain  is  the  seat  of  those  psychical  or  mental  processes 
which  are  called  volition  and  feeling;  volition  is  the  starting 
point  in  motor  activity ;  feeling  is  the  final  phase  of  sensory 
impressions. 

In  the  days  of  the  ancients  very  cunons  ideas  prevailed  as  to 
the  use  of  the  hrain.  It  is  true  that  Alkmaon  as  early  as  580  B.C. 
placed  the  seat  of  consciousness  in  the  brain,  but  this  view  was 
of  the  nature  of  a  guess,  and  did  not  meet  with  general  accept- 
ance ;  and  two  hundred  years  later  Aristotle  considered  that  the 
principal  use  of  the  brain  was  to  cool  the  hot  vapours  rising  from 
the  heart.  At  this  time  the  seat  of  mental  processes,  especially 
those  of  an  emotional  kind,  was  supposed  to  be  in  the  heart,  an 
idea  now  confined  to  poets,  or  in  the  bowels,  as  those  acquainted 
with  such  ancient  writings  as  the  Bible  will  know. 

As  time  went  on  truer  notions  regarding  the  brain  came  to  the 
fore ;  thus  Herophilus  (300  B.C.)  was  aware  of  the  danger  attend- 
ing injury  to  the  medulla;  Aretseus  and  Cassius  (97  a.d.)  knew 
that  injury  to  one  side  of  the  brain  produced  paralysis  of  the 
opposite  side  of  the  body,  and  Galen  (131 — 203  a. d.)  was  acquainted 
with  the  main  motor  and  sensory  tracts  in  brain  and  cord.  Be- 
tween that  time  and  this,  most  of  the  celebrated  anatomists  have 
contributed  something  to  our  knowledge,  and  one  may  particul^ly 
mention  Vesalius,  Sylvius,  Rolando,  Gall,  Carus,  Willis,  '-.aad 
Burdach;  many  of  these  names  are  familiar  because  certain 
structures  in  the  brain  to  which  they  called  attention  have  been 
christened  after  them.  The  erroneous  notion  that  the  brain  was 
not  excitable  by  stimuli  lasted  even  to  the  days  of  Flourens  and 
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Magendie.  In  modem  times,  new  methods  of  resflaroh  in  the 
microscopic  and  experimental  direction  have  produced  renilti 
which  perhaps  in  no  other  branch  of  physiology  have  been  of 
such  immediate  benefit  to  the  hiunan  race  as  those  in  connectioo 
with  the  brain. 

Effbots  of  BemoYal  of  the  Cerebrum. 

When  the  cerebral  hemispheres  are  removed  in  a  frog,  it  is  de- 
prived of  volition  and  of  feeling ;  it  remains  perfectly  quiescent 
unless  stimulated ;  it  is  entirely  devoid  of  initiatory  power,  but 
as  we  have  already  seen,  it  will  execute  reflex  actions  many  of 
which  are  of  a  complex  nature  (see  p.  644). 

A  pigeon  treated  in  the  same  way  remains  perfectly  motionlen 
and  unconscious  unless  it  is  disturbed.  When  disturbed  in  any 
way  it  will  move,  for  instance,  when  thrown  into  the  air  it  will 
fly ;  but  these  movements  are,  as  in  the  frog,  purely  reflex  in 
character. . 

In  mammals  the  operation  of  extirpation  of  the  brain  is  attended 
with  such  severe  heemorrhage  that  the  animal  dies  very  rapidly, 
but  in  some  few  cases  where  the  animals  have  been  kept  alive,  the 
phenomena  they  exhibit  are  precisely  similar  to  those  shown  by  a 
frog  or  pigeon.  In  the  case  of  the  dog  portions  of  the  onrtex 
have  been  removed  piecemeal  by  Gk>ltz  of  Strasburg,  until  at  last 
the  whole  of  the  cortex  has  been  extirpated.  Such  animals  cany 
out  co-ordinated  movements  of  a  complicated  character  very  well^ 
but  they  manifest  no  intelligence,  and  have  complete  lack  c^ 
memory.  They  are  in  a  condition  analogous  to  that  of  the  frogs 
and  pigeons  just  mentioned. 

Iiocalisation  of  Cerebral  Functions. 

When  the  main  function  of  the  cerebrum  was  understood, 
physiologists  were  divided  into  two  schools ;  those  who  thought 
that  the  brain  acted  as  a  whole,  and  those  who  thought  that 
different  parts  of  the  brain  had  different  functions  to  perform. 
One  of  the  most  prominent  of  the  first  school  was  Flourens,  and 
Goltz,  whose  work  has  been  done  chiefly  on  dogs,  is  about  the 
only  proniinent  living  survivor  of  this  set  of  physiologists. 
Gradually,  as  better  methods  have  come  in,  and  especially  since 
monkeys  have  been  used  for  experiment,  those  who  believe  in  the 
localisation  of  functiou  have  multiplied ;  and  now,  localisation  of 
cerebral  function  is  more  than  a  theor}",  it  is  an  accepted  fact 
Perhaps  the  best  practical  evidence  of  this  is  the  fact  that  experi- 
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loeEitB  on   monkeys  have   been  taken  as  the  baaia  for  flurgieal 

opetmtioas  on  the  human  braiu,  and  with  perfect  success. 
i  The  earliest  to  wouk  in  the  direction  of  localisation  were 
iBitsig  and  Fritsch,  The  aubject  was  then  taken  up  by  Ferrier 
and  Y'eo,  and  later  by  Schafer,  Horaley,  etc,  in  this  country,  and 
by  Muiik  and  many  others  in  Germany.  In  addition  to  thogte 
who  have  studied  the  matter  from  the  experimental  stfitidpoint, 
must  also  be  reckoned  the  pathologists,  i^ho  in  the  poU-ifi^trtem 
room  have  examined  the  brains  of  patients  dying  from  cerebral 
diae&se,  and  carefully  compared  the  position  of  the  disease  vrith 
the  symptoma  eidiibited  by  the  patients  during  life*  In  this  way 
two  series  of  independent  investigations  have  led  to  the  ssame 
results ;  both  methods  are  essential,  as  many  minor  details  dis 
covered  by  the  one  method  correct  the  erroneous  conclusions  which 
are  apt  to  be  drawn  by  thoee  who  devote  their  entire  attention  to 
^e  other. 

I  The  main  point  which  these  researches  have  brought  out  is  the 
overwhelming  importtince  of  the  cortex ;  it  contains  the  highest 
cerebral  centres.  Before  Hitzig  began  his  work,  the  corpus 
striatum  was  regarded  as  the  great  motor  centre,  and  the  optic 
thalamus  aa  the  chief  centre  of  ueoaation  ;  very  little  note  waa 
taken  of  the  cortex ;  it  appears  to  have  been  almost  regarded  m  a 
kind  of  ornamental  finish  to  the  brain.  The  idea  that  the  baaal 
ganglia  were  so  important  arose  from  the  examination  of  the 
brains  of  people  who  had  died  from^  or  at  least  suffered  from, 
cerebral  heemorrhage. 

The  most  common  situation  for  cerebral  hssmorrhage,  is  either 
Jn  the  region  of  the  corpus  atriatiun  or  optic  thalamus  ;  it  was 
giotieed  that  motor  paralysis  was  the  most  marked  symptom  if 
khe  corpus  striatum  was  injured,  and  sensory  paralysis  if  the 
pptic  thalamus  was  injured.  The  paralysis,  however,  is  due,  not  to 
lijury  of  the  basal  ganglia,  but  of  the  neighbouring  internal  capsule. 
The  internal  ciipaule  consists  in  front  of  the  motor-fibres  passing 
down  from  the  cortex  to  the  cord,  and  behind  of  the  sensory  fibrea 
ing  up  from  cord  to  the  cortex  (see  p.  629).  Hence,  if  these 
ibres  are  ploughed  up  by  the  escaping  blo<jd,  paralysis  natumlly 
9  the  result.  If  a  hsemorrhage  or  injury  is  so  limited  as  to  affect 
ihe  boeal  gangha  only^  and  not  the  fibres  that  pass  between  them, 
the  resulting  paralysis  is  slight  or  absent. 

The  question  will  next  be  asked ;  What,  then,  is  the  function 
pi  the  beflal  ganglia  ?  They  are  what  we  may  term  subsidiary 
.centres ;  the  corpus  striatum,  principally  in  connection  with  move- 
ment, and  the  optic  thalamus,  in  connection  with  sensation,  and 
especially  with  thfl  sense  o(  vision  as  it«  name  indicates. 
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A  subsidiary  centre  may  be  compared  to  a  subordiBate  c/Raai 
in  au  army.     The  principal  centre   may  be    compared  to  the 
commander-in-chief.     This  highest  officer  gives  a  general  order 
for  the  movement  of  a  body  of  troops  in  a  certain  direction ;  we 
may  compare  this  to  the  principal  motor-centre  of  the  cortex 
sending  out  an  impulse  for  a  certain  movement  in  a  limb.    Bat 
the  general  does  not  give  the  order  himself  to  each  individual 
soldier,  any  more  than  the  cerebral  cortex  does  to  each  individual 
muscle;    but   the   order  is  first   given   to   subordinate  officers, 
who  arrange  exactly  how  the  movement  shall  be  executed,  and 
their  orders  are  in  the  end  distributed  to  the  individual  men, 
who  must  move  in  harmony  with  their  fellows  with  regard  to 
both  time  and  space.     So  the  subsidiary  nerve-centres  or  positions 
of  relay  enable  the  impulse  to  be  widely  distributed  by  collaterals 
to  numerous  muscles  which  contract  in  a  similar  orderly,  har- 
monious, and  co-ordinate  manner.      The  subject  of  muscular  co- 
ordination we  shall  consider  at  greater  length  in  the  next  chapter, 
on  the  functions  of  the  cerebellum. 

There  is  just  the  same  sort  of  thing  in  the  reverse  direction  in 
the  matter  of  sensory  impulses.  Just  as  a  private  in  the  army, 
when  he  wishes  to  communicate  with  the  general,  does  so  through 
one  or  several  subordinate  officers,  so  the  sensory  impulse  passes 
through  many  cell-stations  or  subsidiary  centres  on  the  way  to 
the  highest  centre  where  the  mental  process  called  sensation,  that 
is,  the  appreciation  of  the  impulse,  takes  place. 

There  are  two  great  experimental  methods  used  for  determining 
the  function  of  any  part  of  the  cerebrum.  The  first  is  stimula- 
tion; the  second  is  extirpation.  These  words  almost  explain 
themselves ;  in  stimulation  a  weak  interrupted  induction  current 
is  applied  by  means  of  electrodes  to  the  convolution  under  investi- 
gation, and  the  resulting  movement  of  the  muscles  of  the  bodj, 
if  any  occurs,  is  noticed.*  In  extirpation  the  piece  of  brain  is 
removed,  and  the  resulting  paralysis,  if  any,  is  observed. 


*  It  i3  esgcntial  when  the  experiment  of  stimulating  the  cortex  of  the 
brain  is  being  performed  that  the  animal  should  be  ana^thetised,  other- 
wise voluntary  or  reflex  actions  will  occur  which  mask  those  produced  by 
stimulation.  If,  however,  the  animal  is  too  deeply  under  the  influence  of  a 
narcotic  the  brain  is  inexcitable. 

On  p.  367  EhrlioliV  experiments  with  methylene  blue  are  described.  In 
an  anaesthetised  animal  the  brain  is  inactive,  and  if  the  pigment  is  injected 
into  the  bl(X)d,  the  brain  is  seen  to  be  of  a  blue  colour.  If,  however,  a  spot 
of  the  cerebral  surface  is  stimulated,  that  part  of  the  brain  is  thrown  into 
action,  oxygen  is  used  up,  and  the  methylene  blue  is  reduced,  and  in  conse- 
quence that  area  of  the  brain  loses  its  blue  tint.  If  the  animal  is  so  deeplr 
narcotised  that  the  brain  does  not  discharge  an  impulse,  the  part  stimulated 
remains  blue. 
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By  each  means  the  oortex  has  been  mapped  out  into  what  we 
may  provisionally  term  motor  areas,  and  sensory  areas. 

Xotor  areas. — These  areas  are  also  termed  seruort-motor  or 
HfUBHhetiCy  for  reasons  which  will  be  explained  on  p.  664.  The 
name  RoUmdic  area  which  they  have  also  received  is  derived  from 
their  anatomical  position. 

*  Stimulation  of  them  produces  movement  of  some  part  of  the 
opposite  side  of  the  body ;  excitation  of  the  same  spot  is  always 
followed  by  the  same  movement  in  the  same  animal.    In  different 
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Fig*.  482.— 1>g«nenition  after  defitniotioii  of  the  Kolandic  area  of  the  right  hemiaphere. 

(After  Oowen.) 


animals  excitation  of  anatomically  corresponding  spots  produces 
similar  or  corresponding  results.  It  is  this  which  has  enabled  one 
to  apply  the  results  of  stimulating  areas  of  the  monkey's  brain 
to  the  elucidation  of  the  function  of  the  similar  brain  of  man. 

Eactirpatiouj  or  removal,  of  these  areas  produces  paralysis  of  the 
same  muscles  which  are  thrown  into  action  by  stimulation. 

The  degeneration  tracts  after  destruction  of  the  Rolandic  area 
are  shown  in  fig.  482. 

The  shaded  area  in  each  case  represents  the  injured  or  de- 
generated material ;  a  in  the  cortex,  b  in  the  anterior  part  of  the 
posterior  limb  of  the  internal  capsule,  c  in  the  middle  of  the 
crusta  of  crus  and  mid-brain,  d  in  the  pyramidal  bundles  of 
the  pons,  e  in  the  pyramid  of  the  bulb,  and  f  in  the  crossed  and 
direct  pyramidal  tracts  of  the  cord. 
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Sensory  areas. — StimtdcUion  of  these  prodaqes  na  direct 
movements,  but  doubtless  sets  up  a  sensation  called  a  m^^ecttfe 
sensation ;  that  is,  one  produced  in  the  animal's  own  hnboj  and 
this  indirectly  leads  to  movements  which  are  reflex ;  thus  on 
stimulating  the  auditory  area  there  is  a  pricking  up  of  the  ears ;  on 
stimulating  the  vtmal  area  there  is  a  turning  of  the  head  and  ejes 
in  the  direction  of  the  supposed  visual  impulse.  That  such  moTe- 
ments  are  reflex  and  not  direct  is  shown  by  the  long  period  of 
delay  intervening  between  the  stimulation  and  the  movement 

Extirpation  of  a  sensory  area  leads  to  loss  of  the  sense  in 
question. 

The  rougher  experiments  performed  by  nature  in  the  shape  of 
diseases  of  the  brain  produce  corresponding  results. 

Some  diseases  are  of  the  nature  of  extirpation. 

An  instance  of  this  is  cerebral  haemorrhage.  If  the  heemorrhage 
is  in  the  region  of  the  internal  capsule,  it  cuts  through  fibres  to 
the  muscles  of  the  whole  of  the  opposite  side  of  the  body,  as  thej 
are  all  collected  together  in  a  narrow  compass,  and  the  condition 
obtained  is  called  hemiplegia.  The  varieties  of  hemiplegia  are 
numerous,  according  as  motor  or  sensory  fibres  are  most  affected, 
and  in  one  variety  of  hemiplegia,  called  crossed  hemiplegia,  the 
face  is  paralysed  on  one  side  of  the  body,  the  limbs  on  the  other; 
this  is  due  to  injury  of  the  nerve-tracts  in  the  bulb  subsequent  to 
the  crossing  of  the  fibres  to  the  nucleus  of  the  seventh  nerve, 
but  above  the  crossing  of  the  pyramids  (just  below  the  asterisk  in 
fig.  492). 

If  now  the  haemorrhage  occurs  on  the  surface  of  the  bredn,  a 
much  more  limited  paralysis,  called  monoplegia,  is  the  result ;  if 
the  arm  area  is  aflected,  there  will  be  paralysis  of  the  opposite 
arm ;  if  the  leg  area,  of  the  opposite  leg ;  if  a  sensory  area,  there 
will  be  loss  of  the  corresponding  sense. 

Some  diseases,  on  the  other  hand,  act  as  the  induction  oarrents 
do  in  artificial  stimulation ;  they  irritate  the  surface  of  the  bram ; 
such  a  disease  is  a  tiunour  growing  in  the  membranes  of  the 
brain  ;  if  the  tumour  irritates  a  piece  of  the  motor  area,  there  will 
be  involuntary  movements  in  the  corresponding  region  of  the 
body  ;  these  movements  may  culminate  in  the  production  of 
epileptiform  convulsions  commencing  in  the  ami,  leg,  or  other 
part  of  the  body  which  corresponds  to  the  brain  area  irritated. 
It  is  these  cases  of  "  Jacksonian  EpUepsy  "  which  have  given  the 
best  results  in  surgery ;  the  movement  produced  is  an  indication 
of  the  area  of  the  brain  which  is  being  irritated^  and  the  surgeon 
after  trephining  is  able  to  remove  the  source  of  t^e  miichief. 
If  the  area  of  the  brain  which  is  irritated  is  a  sensory  area,  the 
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reuolt    produced    ib  a   subjective  aenaation,  similar  to  what  we 
iom^ine  la  produced  in  ani Dials  with  an  electric  current 

We   m&y  now  proceed   from   these  general   coasiderations  to 
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i.  4ijj  mud  4^4  —  Bmla  of  doff.  viewed  from  mbove  oad  m  profile.  ^  frunTftl  liwrure 
iometUDQi  termed  crucial  Rukiuii.  corrt5sptmduQ^  to  the  nstnire  of  It*4otid<p  in  man. 
5,  flMure  of  StItiuii,  anmud  whU±  thpfour  long! biditiaUon^WtitiQiM  art  e-'iM^ntncaUy 
unused ;  i,  "fleiioii  of  bead  on  the  awk,  in  the  median  line  i  »,  fle»oa  of  hu«*™  the 
meek,  with  rotiition  t^ivudi  tJie  side  of  tii*  stimHlu* ;  3.  i.  fiexjMi  and  ^fwgw*  aS 
anterior  iimh\  ^,  6,  flextoD  And  exteiuioa  of  fK»terior  limb;  7,  !5,  g.fianfMiitMiiiffl 
Of bicTilariB oculi.and  the  facial  mtiscles ia gancral .  Tlie  imBhad«d  paJ* u  Uui*  BipoMid 
bff  opeoix^  th#  ntkall .    (Dnlton  ^ } 
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p&rticular  points^  and  give  maps  of  the  brain  to  aiiov  the  wm 
we  have  been  speiikiiig  of*  i 

Fig.  4 S3  is  a  view  of  the  dog^s  brain.     It  is  cuuYatiieni  to  ii|| 

thiH   first  lieciQi  I 
it  wm  the  slartin^ 
j.»oiiit  of  ibe  eip^ 
ri mental  work  uq 
the  subject  in  ti^i 
hands    of    HiUig 
and    Frttsch.     ^ 
the    teii  beii«aUh  1 
the  figure  ts  Mm- 
enltedf  it  will  > 
seen  that  the  mrh 
tor  areaa,  map|:iif<i 
out  bj  the  iij»: 
of  stimulation, 
situated     in    \kt 
neighbourhood 
the   crucial   mdcuM^   wbli 
corresponds   to  the  ffiii 
of  Rolando  in  man. 

Coming  neit  to  the  bi 
of  the  monkey,  fi^uxfes  415 
and  486  are  reproduutiooi 
from  Ferrier.  He  marfcd 
out  the  surface  into  a  tju^j, 
ber  of  circles,  stimuktioo 
of  each  of  which  prcxhied 
movements  of  various  geia 
of  muBoles,  face,  axm,  and 
leg  from  below  npw&nii; 
extirpation  of  these  s&im 
areas  produced  the  corre 
sponding^  paralyuis.  It  will 
be  further  noticed  th*l 
these  areas  are  all  grouped 
around  the  fissure  of  B<>i 
lando,  particularly  in 
ascending  frontal  and 
cending  parietal  eonv^li 
t\^^,  hence  tho  term  Rolemdie  arm  which  is  often  applied 
^is  region  of  tlie  brain. 

Those  facts,  however,  are  of  principal  interest  because  of  tin 
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application   to    the  liuman   brain,   to    which    we   now    pass.      Tlie 

following  maps   of   the   human  brain   were    prepared    from  data 

partly  derived  from  the  examination  of  the  monkey's  brain,  and 

partly  from  the  patt-mortem  examination  of  human  brains  in  cases 

of  hnun  disease.     Fig.  487  shows  the  outer  surface  of  the  right 
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Fig.  487.— Biffht  cerebral  hemxBphere,  outer  surface. 

^Mrebral  hemisphere  with  the  names  of  the  principal  convolu- 
yOons  and  fissures  inserted.  Fig.  488  gives  the  corresponding 
L  surface   of   the  left  hemisphere   with  the  principal  motor  and 


Fig.  488.— Left  cerebral  hemisphere,  outer  surface. 

sensory  areas  marked.  Fig.  489  shows  the  mesial  surface  of  the 
right  hemisphere  with  the  names  of  the  convolutions  and  fissures. 
Fig.  490  gives  the  corresponding  surface  of  the  left  hemisphere 
with  the  functional  areas  marked. 

Motor  areas  of  the  Human  Brain. — Roughly,  these  occupy 
the  convolutions  around  the  fissure  of  Rolando,  and  turn  over  the 
edge  of  the  hemisphere  into  the  marginal  convolution  of  the  mesial 
surface ;  from  below,  up  and  backwards,  we  have  the  areas  for 
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the  head,  arm,  and  leg  in  the  order  named.     More  aocurately  tl 
areas  are  as  follows : — 

Head,  neck,  and  face  :  lower  two-thirds  of  the  ascending  inoi^ 
bases  of  the  lower  and  middle  transverse  frontal,  a  small  pjee 
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Fig.  489.— Bight  cerebral  hemisphere,  medal  snifaoe. 

reaching  the  front  of  the  motor  region  in  the  marginal  convolut* 
of  the  mesial  surface. 

Upper  limb  :  upper  third  of  the  ascending  frontal,  the  baBe 
the  upper  transverse  frontal,  the  ascending  parietal  (where  t 


Fig.  490.— Left  cerebral  hemittphere,  mesial  lorfaoe. 

centres  of  hand  and  wrist  are  situated),  and  the  piece  of 
marginal  behind  the  head-centre. 

Lotver  limb  :  the  parietal  lobule,  and  the  posterior  part  ol 
marginal. 

Trunk :  the  marginal  between  the  leg  and  arm  areas. 

The  next  diagram  (fig.  491)  shows  the  relative  position  of 
several  motor-tracts  in  their  course  from  cortex  to  cms,  aoooi 
to  Sir  William  Gowers. 

The  following  diagram  (fig.  492)  shows  a  VQ^tio^U  section  Uw 
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n,  and  enables  one  to  trace  the  motor-tracts  to  the  nucleus 
BTenth  or  facial  nerve  of  the  opposite  side,  and  to  the 


Diagram  to  show  the  relatiye  positions  of  the  several  motor  tracts  in  their 
from  the  cortex  to  the  oms.  The  section  through  the  oonTolutions  is  Tertioal ; 
hrough  the  internal  capsule,  I,  C,  horiaontal;  that  through  the  cms  also 
ital.  C,  N.  caudate  nucleus ;  O.  TH..  optic  thalamus ;  La  and  Lt,  middle  and 
part  of  lenticular  nucleus ;  /,  a,  ^  face,  arm,  and  leg  fibres.  The  words  in 
mdioatecorrespcmding  cortical  centres;  F.8.,  fissure  of  Sylvius.    (Gowen.) 


C.P.T/ 


D.PX 


Fibres  are  seen  passing  from  the  cortex  of  the  Bolandic  area  through  the  corona 
i  to  the  internal  capsule  (I.C.) ;  a  few  coUaterals  to  the  corpus  callosum  (C.C.) 
lo  put  in.  I.R.,  island  of  Beil;  CI.,  daustrum;  O.T..  q;>tic  thalamus; 
auoate  nucleus ;  L.N.,  lenticular  nucleus.  The  asterisk  inaioates  the  place  of 
ition  of  the  face  fibres  to  VU.,  the  nucleus  of  the  seventh  nerve.  C.P.T., 
.  pyramidal  tract ;  D.P.T.,  direct  pyramidal  tract. 

al  tracts  of  the  spinal  cord.  In  this  and  in  the  preceding 
e  letterpress  underneath  them  should  be  carefully  consulted. 
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The  marginal  eonvohition  waa  first  investigated  bj  Scljifeand 
Horaley,  and  to  them  belongs  the  credit  of  diBcoTering  the  oentre 
for  the  trunk  mnscles*  If  one  marginal  convolution  la  remoted 
in  an  animal,  there  is  much  more  marked  paralysis  of  the  opp06it« 
limbs  than  of  the  trunk  ;  if  the  two  marginal  convoktioui  m 
removed,  there  is  very  complete  paralysis  of  the  trunk  as  well  &a  of 
the  limbs.  In  cases  of  hemiplegia  in  mar^  there  is  usiially  very  little 
paralysis  of  the  trunk  muscles.  It  is  the  muBclea  which  act  lor* 
mally  unilaterally  that  are  most  paralysed.  The  muscles  of  the 
trunk  always  normally  move  bilaterally ;  thus  we  ujse  both  sldeiof 
our  chest  in  breathiug ;  both  sets  of  back  muscles  in  maintambg 
an  erect  position,  and  so  ou.  The  spinal  centres  of  the  muscla 
of  the  two  sides  are,  no  doubt,  connected  by  commissural  fibres  ^ 
and  therefore  can  be  aflfected  from  both  sides  of  the  brain. 

The  Speech  cenUr. — This  is  aurrounded  by  a  dotted  circle  k 
fig.  488.  There  are  other  centres  concerned  in  speech  besidei 
this,  but  this  is  the  centre  for  the  muscular  actions  conoemed  b 
speech.  The  diacoveiy  of  this  centre  was  the  ^rliest  feat  in 
the  direction  of  cerebral  localisation.  It  was  discovered  bj  1 
French  physician  named  Broca;  he  noticed  that  patients  who  died 
after  haemorrhage  in  the  bmin,  but  who  previous  to  death  exhi- 
bited a  curious  disorder  of  speech  called  apha^ia^  were  found,  iftei 
death,  to  have  the  scat  of  the  hemorrhage  in  this  convolution.  Tk 
convolution  is  genei'ally  mlled  BrQca'»  convolntion,  Eiperimecta  en 
animals  are  obviously  useless  in  discovering  the  centre  for  spe^ck 

The  most  curious  fact  about  the  speech -centre  is  that  tt  ia 
unilateral  ^  it  is  sit\iated  only  on  the  left  aide  of  the  brain,  except 
in  left>handed  peopK  where  it  is  on  the  right.  We  are  tbm 
left^brained  bo  far  as  the  finer  movements  of  the  band-musclei 
are  concerned^  and  we  are  also  left-brained  in  regard  to  speech,  aa 
action  which  is  appirently  bilateral,     (See  also  p.  723*) 

The  Sensory  areas, of  the  Human  Brain. — These  are  much 
less  accumtoly  mapped  out  than  the  motor  areas.  They  are  in 
part  coincident  witli  the  so-called  motor  areas,  and  in  part  situated 
behind  these. 

The  visual  at-ea  is  situated  in  the  occipital  lobe,  and  the  angular 
gyrus.  Sir  W.  Gowers,  on  clinical  grounds,  regards  the  angular 
gyrus  as  the  higher  psychical  centre  for  vision  corresponding 
to  the  opposite  eye.  But  experimentally  we  know  much  more 
about  the  relationship  of  the  occipital  lobes  to  vision.  £Ixtiipa- 
tion  of  one  occipital  lobe  in  an  animal,  or  disease  of  that  lobe  in 
man,  produces  blindness  of  the  same  side  of  each  retina;  this 
condition  is  called  hemianopsia. 

If,  for  instance)  the  right  occipital  lobe  is  remoyed,  the  rauh 
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^Ht  blindness  of  the  tempoTul  balf  of  the  rigbt  retina,  and  the  nasal 
^Biali  of  the  left  relina,  le^ing  to  an  inabtUty  to  see  thitige  in  the 
^B^t  half  of  the  field  of  vieion ;  the  animal  turns  ita  head  and  ejes 
^011  the  same  side  aa  the  lesion,  or  in  technical  language  there  is 
conjugate  demotion  of  head  and  efei  to  the  right. 

Stimulation  of  the  visual  area   (and  this   is  true  for  both   the 

pital  lobe  and  the  angular  gyrus)  leadSf  no  doubt,  to  a  sub- 

tive  visual  aeusation  of  the  corresponding  halves  of  the   two 

tlnee.     Suppose  the  right  vi§ual  area  is  stimulated,  the  8ubjeo 

ive  sensation  will  appear  to  come  from  the  right  halves  of  tbe 

tinie ;  the  animal  therefore  imagines  light  is  falling  on  its  eyes 

im  the  left  and  so  there  is  e&r^tiffate  det^iation  of  the  head  and 

la  the  left ;  that  is,  tbe  opposite  side  to  that  atimulated. 

Th0  auditory  areu    was    localised  by  Ferrier  in  the  superior 

imporo-Bphenoidal  convolution.     But  there  is  considerable  doubt 

hether  this  is  correct ;  it  is  so  much  more  difficult  to  tell  when 

animal  is  deaf  than   when   it  is  blind.     Similar  nnoertaiuty 

fsts  as  to  tbe  situations  for  ta^te  and  snidL     No  doubt  they  are 

Ij  connected,  and  they  have  been  placed  provisionally  in  the 

late  convolution,    and    tip  of  the  temporo-sphenoidal  lobe, 

lai^e  size  of  these  parts  in  animals  with  a  keen  sense  of  smell 

ids  support  to  this  idea. 

Tactile  Bettgibilitt^  was  localised  by  Schafer  in  the  limbic  lobe, 
[\t  there  is  so  much  doubt  about  this^  that  a  query  is  placed  after 
i€  words  **  tactile  sense,"'  in  the  gyrus  fomicatus  in  fig,  490, 
Munk's  yiew,  supported  in  this  country  by  Bastian,  Mott,  and 
erons  others^  ia  that  the  sensory  fibres  from  the  akin  and 
luscles  terminate   in   the  Kolandic   area  ;    and  the   histological 
reeearches  of  Golgi  and  Ramon  y  Cajal  (see  figs.  469  and  47a) 
point  to  the  same  conclusion.     Tliis  is,   in  fact,  what  one  would 
expect^   volition   and   feeling  are  associated   together  ho   closely 
physiologically,  that  anatomically  we  should   expect  tc»  find   the 
commencement  of  the  volitional  fibres  contiguous  to  the  terminar 
tions  of  tbe  sensory  fibres.     That  this  is  really  the  case  has  been 
shown  by  a  careful  examination   of  the  sensation  in  animals  in 
which  the  Roland ic  (irea  has  been  removed,  and  in  cases  of  hemi* 
plegia  in  man.     The  most  delicate  teat  is  to  place  a  clip  on   the 
fingers  or  toes,  taking  care  the  animal  does  not  see  the  clip  put  on. 
If  there  is  loss  of  tactile  sensibility  the  monkey  either  takes  no  notice 
at  all  of  tbe  clip  or  removes  it  after  a  long  delay.    Whereas  if  sensa- 
tion is  perfect  tbe  monkey  at  once  seizes  the  clip  and  flhigs  it  away* 
It  is  found  that  the  intensity  of  both  the  motor  and  sensory  para 
lysis  are  directly  pro|ioTtional  to  each  other.    Hence  the  term  motor 
which  we  have  been  provisionally  employing  for  the  Holandie 
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i^ea,  should  be  replaced  by  the  more  correct  term  senBori-m^Aor 
or  kinsBsthetic  area.  These  new  terms  iDdicate  that  whatraU; 
occurs  in  the  li>laadje  area  is  a  senae  of  inov^menty  and  thk  letk 
as  a  stimulv]s  na  the  pyrauiidal  tracts  to  the  true  motor  ^mtrm 
which  are  in  tbe  opposite  anterior  horu  of  the  spinal  €ord.  If  iU 
posterior  roots  of  the  spinal  nerves  are  divided  there  is  a  1o^  d 
sensation,  and  so  the  sense  of  inovemeot  cannot  reach  the  bnin 
from  the  uniscles,  mid  consequently  the  nxuiclea  are  not  caU 
into  action  ;  when  all  the  posterior  root^  coming  from  a  limb  b 
a  monkey  are  cut,  the  mu&cleft,  so  far  as  voluntary  moYem«iili 
are  concent ed,  are  in  fact  as  effectually  paralysed  as  if  t)» 
anterior  roots  of  the  spinal  nerves  had  been  cuL  The  maeckii 
however,  do  not  degenerate  «^  they  would  if  the  anteiior  r«^ 
had  been  cut.  They  merely  inidei'go  a  small  amount  of  wftsting 
due  to  want  of  use  {"disuse  atrophy  "). 

The  question  will  then  be  asked,  what  is  the  function  of  the  gyrw 
fomicatus;  on  removal  of  this  convolution  there  is  some  loss  d 
sensation ;  this  hag  been  explained  by  the  fact  that  on  removing 
this  area  of  grey  matter  it  is  almost  impossible  to  avoid  injuty  y^ 
the  white  matter  beneath  it,  and  thus  there  will  be  loss  of  functaon 
due  to  division  of  the  fibres  on  the  way  to  the  marginal  convolu- 
tion, which  is  like  the  Rolandic  area,  sensori-motor  in  function. 

It  is,  however,  quite  possible  that  the  gyrus  fomicatus  has 
something  to  do  with  sensation.  The  term  tactile  sense  is  a  veiy 
general  one ;  it  really  includes  the  true  sense  of  touch  from  the 
skin,  the  muscular  sense,  general  sensibility,  the  sensation  of  pain, 
and  the  sensations  of  heat  and  cold.  It  is  the  first  two  (troe 
tactile  sense,  and  the  muscular  sense)  which  are  so  important  ia 
the  regulation  of  the  resulting  muscular  movements.  The  othen 
probably  go  by  a  different  channel  to  the  brain  (see  p.  642),  and 
possibly  reach  a  different  destination  in  the  brain. 

Prof.  Schiifer  is  one  prominent  worker  who  has  not  accepted  Munk*g 
views  on  this  subject.  He  still  regards  the  Rolandic  area  as  esaentiallj 
motor  in  function.  Naturally,  he  does  not  deny  that  it  has  connections  wiUi 
sensory  fibres,  but  he  considers  it  incorrect  to  speak  of  the  area  as  a  sensory 
one.  He  has  produced  injuries  of  the  area  without  obtainiog  any  loss  A 
sensation,  and  in  testing  the  sensations  of  his  monkeys  employs  the  method 
of  stroking  the  skin,  which  he  regards  as  more  trustworthy  than  SchiffB  dip 
test.  The  sensory  disturbances  observed  by  other  investigators  he  regards 
as  due  to  general  disturbance  of  the  whole  brain  produced  by  the  severity 
of  the  operation.  The  exact  localisation  of  the  tactile  areas  must  be  left  to 
the  future,  as  in  his  most  recent  experiments  Schafer  has  failed  to  confirm 
his  earlier  ones  on  the  gyrus  fomicatus. 

On  referring  once  more  to  the  maps  of  the  brain,  it  will  be 
seen  that  there  is  a  large  blank  in  the  anterior  part  of  the  frontal 
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^Bigion.     Thift  is  left  blank  b€cauge  its  f uDction  is  absolutely  im- 

^^Kiowxi.     Eitirpation  or  BtimuIaiioD  of   thi^  part  of  the  brain  in 

^Hiiiuak  produces  no  appreciablo  result.     It  has  also  been  removed 

^Becidentiilly  in  man,  as  in  the  celebrated  American   crowbar  aooi- 

pBetit ;  owing  to  the  premature  explofiion  of  a  charge  of  dynamite 

to  one  of  the  American  mines,  a  crowbar  was  sent  through   the 

frontal  region  of  the  foreman *s   head,  removing  the  anterior  part 

of  liJi  bmin.     He^   however,  recovered,  and  no  noteworthy  symp* 

totns  were  observed  in  him  during  the  rest  of  hia  life.     He,  indeed, 

returned  to  his  work  as  overaeer  of  the  mine. 

The  large  aize  of  this  portion  of  the  brain  is  very  distinctive  of 
the  human  bniiu,  and  it  has  therefore  been  stippgaed  that  here 
Is  the  seat  of  the  intellectual   faculties.     Thm  may   be  so,  but 
Epetimental  physiology  lends   no  E^upport  to  this  view,   as  the 
ory  centres  (and  sensations  are  the  materials  for  intellect)  are 
situated  behind  or  withioj  and  not  in  front  of,  the  Rolandio  area. 
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CHAPTER   XLIX. 

FUNCTIONS    OF    THE    CEBEBELLOM, 

In  past  times  there  have  been  several  views  held  as  to  the 
functions  of  the  cerebellum.  One  of  the  oldest  of  these  was  the 
idea  that  the  cerebellum  was  associated  with  the  function  of 
genera.tiou ;  auotlier  view,  fimt  promulgated  by  Willis,  was  that 
the  cerebellum  cotitained  the  centres  which  regulate  the  functions 
of  organic  life ;  this  arose  from  the  circunistance  that  diseases 
of  the  cerebellum  are  often  associated  with  nausea  and  vomiting ; 
it  ia  a  familiar  fact  that  in  displacements  of  eqmlibrium  such  as 
occur  on  board  ship  in  a  rough  sea,  or  in  the  diseiise  called 
Meniere's  disease,  sickness  ia  a  frequent  result ;  it  appears  from 
Ihk  that  the  cerebellum  does  receive  from  or  send  to  the  viscera 

tain  impulses.  The  third  and  last  of  these  older  theories  was 
hat  the  cerebellum  was  the  centre  for  sensation.  This  arose 
from  the  fact  that  certain  of  the  afferent  channels  of  the  spinal 
cord  were  traced  into  the  cerebellum.  The  impulses  that  travel 
along  these,  however,  though  afferent,  are  not  truly  sensory, 
and  their  reception  in  the  cerebellum  is  not  associated  with 
coosciunsness. 

The  true  function  of  ihe  cerebellum  was  first  pointed  out  by 


^6  ruKonoNs  of  the  cebkbellum,     [ct^hh. 

FlourenBp  and  our  knovledge  about  it  has  not  aidTanced  mud 
from  the  condition  in  which  Flourena  kft  it*  He  showed  tbtf 
the  cerebellum  is  the  great  eeutre  for  the  eo-ordiDation  of  mmcu- 
lar  movemetit,  and  especially  for  that  variety  of  ocH^rdination 
which  m  called  equilibratiau — that  is,  the  harmonious  adjugtmeat 
of  the  working  of  the  muscles  which  maintain  the  hody  in  i 
position  of  equilibrium. 

It  must  not  be  supposed  from  this  that  the  cerebelltnn  it  th 
sole  centre  for  oo-ordinatJon.  We  have  already  seen  that  all  die 
machinery  tiecessary  for  carrying  out  very  complicated  locomolm 
movements  is  present  in  the  spinal  cord-  The  higher  centra  iet 
this  machinery  goings  and  the  work  of  arranging  what  muso^ 
are  to  act,  and  in  what  order,  is  carried  out  by  the  whole  of  the 
grey  matter  from  the  corpora  striata  to  the  end  of  the  Bpinil 
cord,  includiug  such  outgrowths  as  the  corpora  quadrigemtna  and 
cerebellum.  An  instance  of  a  complex  co*ordinated  movement  it 
seen  in  wlmt  we  learnt  to  call  in  the  last  chapter  eo^jug^ 
deviation  of  head  and  eyes.  The  higher  cortical  centre  gives  the 
general  word  of  command  to  turn  the  head  and  eyes  to  the  right: 
the  subsidiary  centres  or  subordinate  officials  arrange  that  this 
is  to  be  accomplished  by  the  external  rectus  of  the  right  eye 
supplied  by  the  right  sixth  nerve,  the  internal  rectus  of  the  left 
eye  supplied  by  the  left  third  nerve,  and  numerous  muscles  of 
neck  and  back  of  both  sides  supplied  by  numerous  nerves.  We 
thus  see  how  the  complicated  intercrossing  of  fibres  and  connec- 
tions of  the  centres  of  the  various  nerves  are  brought  into  play 

The  functions  of  the  cerebellum  are  investigated  by  the  same 
two  methods  of  experiment  (stimulation  and  extirpation)  that  are 
employed  in  similar  researches  on  the  cerebrum.  The  anatomical 
connections  of  the  cerebelliun  with  other  parts  of  the  cerebro- 
spinal axis  have  been  chiefly  elucidated  by  the  degeneratios 
method.  Ekch  side  of  the  cerebellum  has  three  peduncles ;  the 
superior  peduncle  connecting  it  to  the  opposite  hemisphere  of  the 
cerebrum,  the  inferior  peduncle  connecting  it  to  the  same  side  of 
the  spinal  cord,  and  the  middle  peduncle  contains  fibres  which 
link  the  two  halves  of  the  cerebellum  together  in  a  physiological 
though  not  in  an  anatomical  sense.  The  inferior  peduncle  termi- 
nates in  the  vermis  ;  in  some  of  the  lower  animals  the  vermis 
is  practically  the  only  part  of  the  cerebellum  which  is  present, 
and  it  is  this  part  of  the  cerebelliun  which  is  principidly  con- 
cerned in  the  co-ordination  of  the  bodily  movements.  The  cere- 
bellar hemispheres  are  especially  connected  with  the  opposite 
cerebral  hemispheres  ;  and  possibly  just  as  the  different  regions 
of  the  body  have  corresponding  areas  in  the  cerebrum,  so  alao 
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y  are  eimilarly  represeoted  in  the  cerebellum  ;  but  localisation 
of  fujicticm  in  the  uerehelluni  has  not  gone  eufficiently  far  yet  to 
inake  this  a  certamtj. 

After  h«(fiLi-6ztirpAtios^degtioaration  occurs  in  the  peclunclasof  Ihtsame 
'side  :  thefe  are.  therefore,  no  couiTHissumi  fibres  that  actually  pom  tvom 
hemisphere  to  the  other*  In  the  t^tperhr  peduncle,  the  deget^efwted 
pass  ehieflj  to  ihe  tegmcQtAl  nQcleos  of  the  opposite  side,  btit  parity 
lAt  of  the  satne  side  \  in  other  wnnii^  the  decussation  nf  the^  pHdduticles 
in  the  ro id- brain  is  not  complete.  Some  fibres  are  traceable  to  the  optic 
thalnmns.  The  middle  peduncle  is  completely  degenerated  as  far  as  the 
r&phe^  where  It^  fibres  intermingle  with  tb«)se  from  the  opposite  side.  The 
im/e^rmr  peduncle  was  stated  by  Luciani  and  Marchi  to  be  alio  degenerated^ 
these  obaer vera  traceti  the  fibres  down  into  the  cord.  But  their  itj^te- 
have  not  been  eonfirmeil  by  the  mo€t  recent  and  careful  work  of 
,er  and  Riaieu  Kus^L  If  such  fibres  do  e.\iM,  thelj  c:]C act  course  has 
yet  to  be  discovered  (hence  the  use  of  a  dotted  liue  in  fig*  472,  p*  635)* 
Some  degenerated  fibres  in  the  inferior  |>ed uncle  have  beeti  traced  to  the 
opposite  lower  olivarj  body  which  completely  atrophie^jand  also  to  the  nucleus 
of  Dc iters  (sec  p.  6i2>,  the  oelb  of  which  are  probably  c*dl  ttationa  on  the 
course  of  the  fibres  that  emeri^c  frcjm  tlie  cerel>ellum* 

If  the  cerebellum  is  removed  in  an  animal,  or  if  it  is  the  scat 
[of  diaeaae  in  man,  the  result  is  a  condition  of  slight  muscular 
I  weakness ;  but  the  principal 
I  Byroptom  observed  is  inca-ordinor 
i^on^  chiefly  evidenced  by  a  stag- 
I  geriug  gait  similar  to  that  seen 
I  in  a  drunken  man.     It  is  called 

In  order  that  the  cerebellum 
I  may  duly  execute  its  function  of 
eqiiilibratiou  it  is  necessary  that 
it  should  send  out  impulses;  this 
it  does  by  hhrea  that  leave  its 
cells  and  pass  out  through  its 
peduncles ;  they  pass  out  to  the 
opposite  cerebral  hemisphere^  and 
so  infiuence  the  discharge  of  the 
impulses  from  the  cortei  of  the  eerebnim.  It  is  quite  possible 
that  impulaes  fiass  out  to  the  cord  (see  dotted  line  in  fig,  472), 
but  the  exact  course  of  these  tibrea  if  they  do  exists  has  still  to 
be  worked  out.  The  only  way  of  which  we  have  any  certain 
knowledge  by  means  of  whioh  the  cerebellum  influences  the  motor 
discharge  is  as  an  elaborate  cell  station  on  the  course  of  sensory 
impulses  to  the  cerebrum. 

The  oerebelluni  thus  acts  upon  the  muscle  of  the  same  side 
of  the  body  in  conjunction  with  the  cerebral  hemisphere  of  the 
opposite  side.     The  close  inter-relation  of  one  cerebral  with  the 


fig.  49J.— Thb  Ib  a  reprnductioa  of  m 
pnotoginLph  of  a  lunatic's  brun  lent 
mp  bf  Dt.  Fricke.  One  c€TtbT»l  Mid 
thi*  oppuHite  DerebeUur  hetniKphen; 
are  iitrophii!d. 
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opposite  cerebellar  hemisphere  is  shown  in  cases  of  brain  dimase, 
in  which  atrophy  of  one  cerebellar  hemisphere  follows  that  of  the 
opposite  cerebral  hemisphere  (see  fig.  493). 

In  order  that  the  cerebellum  may  send  out  impulses  in  this 
way,  it  is  necessary  that  it  receive  impulses  which  guide  it  bj 
keeping  it  informed  of  the  position  of  the  body  in  space.  These 
afferent  impulses  are  of  four  kinds,  namely  : — 

1.  Tactile.  3.  Visual. 

2.  Muscular.  4.  Labyrinthine. 

We  will  take  these  one  by  one  : — 

I.  Tactile  impressions, — The  importance  of  impulses  from  the 
skin  is  shown  in  those  diseases  of  the  sensory  tracts  (especially 

locomotor  ataxy)  where  there  n 
diminution  in  the  tactile  sense 
in  the  soles  of  the  feet.  In  such 
cases  the  patient  cannot  stand 
with  his  eyes  shut.  The  same 
effect  may  be  produced  experi- 
mentally by  freezing  the  soles  of 
the  feet. 

Again,  if  the  skin  is  stripped 
from  the  hind  limbs  of  a  brain- 
less frog,  it  is  unable  to  execute 
such  reflex  actions  as  climbing 
an  inclined  plane,  which  it  can 
do  quite  well  when  the  skin  is 
uninjured. 

2.  MusctUar  impressions,  — 
Quite  as  important  as  the  tactile 
sense  from  the  skin  is  the  mus- 
cular sense,  the  sense  which  en- 
ables us  to  know  what  we  are 
doing  with  our  muscles.  We 
have  hitherto  chiefly  spoken  of 
the  muscular  nerves  as  being 
motor;  they  also  contain  sen- 
sory fibres  ;  these  pass  from  the 
muscles,  and  their  tendons  to  the  posterior  roots  of  the  spinal 
nerves,  and  tlie  impulses  ascend  the  sensory  tracts  through  cord 
and  brain  to  reach  the  cerebellum  and  the  Rolandic  area.  In 
some  cases  of  locomotor  ataxy  there  is  but  little  loss  of  tactile 
sensibility,  and  the  condition  of  inco-ordination  is  then  chiefly 
due  to  the  loss  of  the  muscular  sense. 


Fig.  494.— Bight  bony  labyrinth,  viewed 
from  the  outer  side.  The  spedmeQ  here 
represented  was  prcrpared  bv  sepa- 
rating piecemeal  the  looser  snoetanoe 
of  the  petrous  bone  from  the  dense 
walls  which  immediately  enclose  the 
labyrinth,  z,  the  vestibule ;  2,  fen- 
estra ovalis ;  3,  superior  semicircular 
canal ;  4«  horizontal  or  external  canal ; 
5,  posterior  canal :  *,  ampullae  of  the 
semicirculur  canalM ;  6,  nrst  turn  of 
the  cochlea ;  7,  second  turn ;  8,  apex ; 
9,  fenestra  rotunda.  The  smaller 
tiguro  in   outline  below  shows  the 

natural  size.    ^    (Sommering.) 
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H  3.  Vuval  impresmons.^^The  use  of  vimial  impreaaioiis  in  guid- 
Hfaig  the  iicrvouB  ct^ntres  for  the  niainteuauce  of  equilihrium  is 
^he^i  in  those  cjuses  of  locomotor  at&xj  where  there  m  losa  of 
^equilibrium  when  the  patient  closes  hia  ayes.  Destruction  of  the 
eyeA  in  animaJs  often  causes  them  to  spin  round  and  lose  their 
balance.  The  giddiness  experienced  by  many  people  on  looking 
at  moving  water,  or  after  the  onset  of  a  st.]uiiit,  or  when  objects 
viewed  under  unusual  circumstances,  as  in  the  ascent  of  a 
dountain  railway,  is  due  to  the  same  thing.  The  importance  of 
keeping  oiie^s  eyes  open  is  brought  home  to  one  vci^  forcibly 
rhen  one  is  walking  in  a  perilous  position p  ae  along  the  edge  of 


Fifr«  49S«— BHJtJati  of  bumiLti  netmdiT'uJ&r  ctuial.    {After  Rfidiitgier,) 

a,  perifiiteum ;   .],  3,  flbrrjiw  bnmli  mimie^ting  the  ix-rio«t<eudi  to  4.  the  outer 
ftbrmui  «Mt  of  the  uiembruioiin  cejuil  t  5>  tvmiia  propiin ;  6^  epithf^Uuni. 


la  precipice,  where  an  upset  of  the  eqtulibrium  would  be  attended 
with  serious  consequences, 

4.  LaJbytinthine  twiprcwibrtJ-— These  are  the  most  important 
of  all  ;  they  are  the  impressioos  that  reach  the  central  nervous 
system  from  that  part  of  the  intemal  ear  called  the  labyrinth. 
Here^  however,  we  must  pamse  to  consider  first  some  anatomical 
facts  in  coimection  with  the  semicircular  canals  that  jmike  up  thf 
labyrinth.  Fig,  494  jh  an  extuniHl  viuw  of  tht/  inteniul  car ; 
it  is  enclosed  within  the  petrous  portion  of  ihe  tempoml  lione; 
and  consists  of  three  part^i — the  vestibule  (1),  the  tliree  semi- 
circulai'  cmiaVs  {3,  4,  5)  winch  open  into  the  vestibule,  and  the 
tube,  coiled  Hke  a  snairs  sihcH,  called  the  e^jchlea  (6,  7i  8),  The 
cochlea  is  the  part  of  tlie  appaniLus  which  is  concerned  in  the 

|jeception  of  auditory  impressions ;  it  is  supplied  by  the  cochlear 
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division  of  the  eighth  or  auditory  nerve.  The  remainder  of  the 
internal  ear  is  concerned  not  in  hearing,  but  in  the  reoepti<yQ  q| 
the  impressions  we  are  now  studying.  Within  the  vestibule  m 
two  chambers  made  of  membrane,  called  the  utricle  and  the 
saccule  ;  these  communicate  with  one  another  and  with  the  caoal 
of  the  cochlea.  Within  each  bony  semicircular  canal  is  a  meiii- 
branous  semicircular  canal  of  similar  shape.  Each  canal  is  filled 
with  a  watery  fluid  called  endolymph,  and  separated  from  tbe 
bony  canal  by  another  fluid  called  perilymph.  Each  canal  has  a 
swelling  at  one  end  called  the  ampulla.  The  membranous  canaji 
open  into  the  utricle  ;  the  horizontal  canal  by  each  of  its  ends- 


fig.  496.— Section  through  the  wall  of  the  ampulla  of  a  ■emJcircular  canal,  pHriv 
through  the  crista  acoustica.  i,  epithelium :  a^  tunica  propria ;  3,  flbroot  UyK  01 
canal ;  N,  bundles  of  nervo-fibfee ;  C,  cupula,  mto  which  the  hain  of  the  hahsMDi 
project.    (After  Sch^fer.) 

the  superior  and  posterior  vertical  canals  by  three  openings,  these 
two  canals  being  connected  at  their  non-ampullary  ends. 

Fig.  495  shows  in  transverse  section  the  way  in  which  the 
membranous  is  contained  within  the  bony  canal  ;  the  membranous 
canal  consists  of  three  layers,  the  outer  of  which  is  fibrous  and 
continuous  with  the  periosteum  that  lines  the  bony  canal ;  then 
comes  the  tunica  jyropria,  composed  of  homogeneous  material,  and 
thrown  into  papillce  except  just  where  the  attachment  of  the 
membrancnis  to  the  bony  canal  is  closest ;  and  the  innermogt 
layer  is  a  somewhat  flattened  epithelium. 

At  the  ampulla  there  is  a  diff*erent  appearance  ;  the  tunica 
propria  is  raised  into  a  hillock  called  the  arista  acoustica  (see 
fig.  496) ;  the  cells  of  the  epithelium  become  columnar  in  shape, 
and  to  some  of  them  fibres  of  the  auditory  nerve  pass,  arborising 
round  them  ;  these  cells  are  provided  with  stiff  hairs,  which  pro- 
ject into  what  is  called  the  cupula^  a  mass  of  mucus-like  material 
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oHths  or  erysUls  of  calciatn  carbonate.  Between 
I  fib  re-eel  la  whicb  act  liS  snp^Kvrts  {fig,  497).  WlieD 
Bjmph  in  the  interior  of  tbe  catiuk  is  tbi'owii  into  vibm- 
I  hairs  of  the  liair-cellB  are  affected,  and  a  nervouti  impulye 
p  ia  the  coutiguoua  nerve-fibres,  which  ettrry  it  to  the 
lervouB  system. 

mile  of  the  eaeyule  and  utricle  are  similar  in  composition, 
i  hm  a  similar  hillock,  called  a  macula^  to  the  hair-colls 
h  lierve-fibres  are  dis- 

laeulaof  the  utricle  and 
\m  of  tbe  superior  aud 
%\  canals  are  supplied 
Bstibular  division  of  the 
r  auditory  nerve.  The 
of  ttm  saccule  and  the 

the  posterior  canal  are 

by  a   branch    of    the 

division  of   the  same 

\  these  canals  are  dis- 
I  man,  as  in  Meniere's 
there  are  disturbances 
Ihrium ;  a  feeling  of 
Ij  which  may  lead  to 
ent's  falling  down,  it^ 
d  with  nauseji  and 
f.  In  animals  similar 
re  produced  by  injury, 
lubject  ha«  been  chiefly 
out  on  birds  by  Flourens,  where  the  canals  are  large  aud 
(jposetl,  and  more  recently  in  fiBhes,  by  Lee, 
if  the  horizontal  canal  is  divided  in  a  pigeon,  the  head  is 
into  a  seriea  of  oscillationa  In  a  horkonlal  plane,  which 
^ed  by  section  of  the  corresponding  canal  of  the  opposite 
Lfter  section  of  the  vertical  canals,  the  forced  move- 
i^  in  a  vertical  plane,  and  the  animal  tends  to  turn 
llts. 

m  the  whole  of  the  canals  are  destroyed  on  both  sides 
urbances  of  equilibrium  are  of  the  mfmt  pronooiiced 
r.  Goltz  deacrtbes  a  pigeon  so  treateii  which  always 
head  with  the  occiput  touching  the  breast,  the  vertex 
downwards,  with  the  right  eye  looking  to  the  left  and 
looking  to  the  ri^ht,  the  head  being  inceasanlly  swung 


F%.  4917 .  ~  J  *  tiAliMsell  I  3 ,  liAir-H^lL  ahow- 
ing-  the  Liklr  bti:ikB!Pf  and  ibt?  mma  of 
tliB   tiftir,  Mplit  into  it*  cutLBtittietil  ' 

nerve-flbrea  wMch  hare  Ida!  tbefr 
iii^flijlUiT  iibaktb,  uid  teiniiiaAtie  li^ 
uboriiii&ff  muad  tbfl  bue  of  tiiQ  baif- 
cell»;  A.B.I  eiiifice  of  tnnJG&pmMBriA. 
(Afl^rBebdui) 
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in  a  pendulum-like  manner.  Cyon  says  it  is  almost  imposnble  to 
give  an  idea  of  the  perpetual  movements  to  which  the  animal  it 
subject.  It  can  neither  stand,  nor  lie  still,  nor  fly,  nor  maintain 
any  fixed  attitude.  It  executes  violent  somersaults,  now  forwards, 
now  backwards,  rolls  round  and  round,  or  springs  in  the  air  and 
falls  back  to  recommence  anew.  It  is  necessary  to  envelope  the 
animals  in  some  soft  covering  to  prevent  them  dashing  themselTes 
to  pieces  by  the  violence  of  their  movements,  and  even  then  not 
always  with  success.  The  extreme  agitation  is  manifest  onlj 
during  the  first  few  days  following  the  operation,  and  the  animal 
may  then  be  set  free  without  danger ;  but  it  is  still  unable  to 
stand    or   walk,  and  tumultuous  movements  come  on  from  ^ 


Fig.  498.— Diagram  of  semicirciilar  canals,  to  ahow  their  pontaons  in  three  plao«e  at  ligkt 
angles  to  each  other.  It  will  be  seen  that  the  two  horixontal  canals  (H)  Us  in  the 
same  plane :  and  that  the  superior  vertical  of  one  side  (8)  lies  in  a  pluie  paadU  to 
that  of  the  posterior  vertical  (P)  of  the  other.    (After  Ewald.) 

slightest  disturbance.  But  after  the  lapse  of  a  fortnight  it  is 
able  to  maintain  its  upright  position  with  some  support.  At  this 
stage  it  resembles  an  animal  pamfuUy  learning  to  stand  and  walk 
In  this  it  relies  mainly  on  its  vision,  and  it  is  only  necessary  to 
cover  the  eyes  with  a  hood  to  dispel  all  the  fruits  of  this  new 
educiition,  and  cause  the  reappearance  of  all  the  motor  disordera." 
(Ferrier.) 

It  is  these  canals  which  enable  all  of  us  to  know  in  which 
direction  we  are  being  moved,  even  though  our  eyes  are  bandaged, 
and  the  feet  are  not  allowed  to  touch  the  ground.  On  being 
whirled  roimd,  such  a  person  knows  in  which  direction  he  is 
being  moved,  and  when  the  whirling  stops  he  seems,  especiaUy  if 
he  oj)en8  his  eyes,  to  be  whirling  in  the  opposite  direction,  owing 
to  the  rebound  of  the  fluid  in  the  canals.  The  forced  movements 
just  described  in  animals  are  due  either  to  the  absence  of  the 
normal  sensations  from  the  canals,  or  to  delusive  sensations 
arising  from  tlieir  irritation,  and  the  animal  makes  efforts  to 
correct  the  movement  which  it  imagines  it  is  being  subjected  ta 
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It  will  be  noticed  that  the  canals  of  each  side  are  In  three 
planes  at  right  angles  to  each  other»  and  we  leani  the  movcmenti 
of  our  body  with  regard  to  the  three  dimensions  of  space  by 
means  of  impressions  from  the  ampul lary  endmgs  of  the  auditory 
nerve  ;  these  impressions  are  sat  up  by  the  varying  pressure  of 
tlie  endolyiuph  in  the  ampul  I  te. 

Thus  a  suddeu  turning  of  the  head  from  right  to  left  will  cause 

movement  of  the  endolymph    towards,  and  therefore    increased 

pressure  on,  the  ampullary  nerve-endings  uf  the  right  horizontal 

canal,  and  diminiahed  pressure  on  the  corresponding  nerve-endinga 

^of  the  left  side. 

H     ^*  One  canal  can  be  affected  by^  and  transmit  the  sensation  of 

Bjotation  about  one  axis  in  one  direction  only ;  and  for  complete 

^perception  of  rotation  in  any  direction  about  any  axis,  siic  canals 

'     are  required  in  three  pairs,  each  pair  being  in  the  same  or  parallel 

planes,  and   their   ampulke  turned    opposite  ways.     Each    pair 

would  thus  he  sensitive  to  any  rotation  about  a  line  at  right 

angles  to  its  plane  or  planes,  the  one  canal  being  influenced  by 

rotation  in  one  direction,  the  other  by  rotation  in  the  opposite 

direction."     (Cnim-Brown.) 

The  two  horiaontal  canals  are  in  the  same  plane ;  the  posterior 
vertical  of  one  side  is*  in  a  plane  parallel  to  that  of  the  superior 
Tertical  of  the  other  side  (see  fig.  49S), 

These  four  sets  of  impressions  (tactile,  muscular,  visual,  and 
labyrinthine)  reach  the  cerebellum  by  its  perl  uncles ;  from  the 
eyes  through  the  superior  peduncle,  from  the  semicircular  canals 
through  the  middle  and  inferior  peduncle^ij  and  from  the  body 
generally  through  the  restiform  body  or  inferior  jwduncle.  Section 
and  stimulation  of  the  peduncles  cause  inco-onlirmtion,  ch icily 
evidenced  by  rotatory  and  circus  movements  similar  to  those  that 
Qocur  when  the  nerve-endings  in  the  Kemieircular  canals  are 
destroyed  or  stimulated.  Stimulation  of  the  cerebellum  itself — 
and  this  has  been  done  throngh  the  skull  in  mau^causes  giddi- 
ness, and  consequent  muscular  eftbrts  to  correct  it.  The  results  of 
stimulation,  indeed,  are  precisely  analogous  to  those  of  extirpation, 
imlj  in  the  reverse  direction. 
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CHAPTER  L. 

Before  passing  to  the  study  of  the  Tarious  special  wsa^ 
there  are  a  immbor  of  general  conaidoratiotis  ixi  oomieotiaii  tritb 
the  subject  uf  »uiiE»a.tiori  that  dcuiMUvl  our  attetitiou. 

The  psychologist  divides  the  mental  phenomeua,  which  the 
physiologist  localises  in  the  brain,  into  three  main  categories : — 

1.  Intellectual :  perceiving,  remembering,  reasoning,  dec. 

2.  Emotumcd  :  joy,  love,  hate,  anger,  &c. 

3.  Volitional :  purposing,  deliberating,  doing. 

These  are  all  closely  connected  together,  and  are  all  present  in 
each  healthy  brain ;  but  according  as  one  or  other  may  predomi* 
nate,  we  speak  of  intellectual,  emotional,  or  strong-willed  indi- 
viduals. The  connection  is  especially  close  between  int^ect  and 
will,  which  represent  as  it  were  the  two  sides  of  what  we  may 
call  a  conscious  reflex  action ;  the  intellect  gives  the  reaaon  or 
stimulus  for  the  exercise  of  the  volitional  power.  The  emotioos 
are  more  complex,  and  we  shall  not  discuss  them ;  they  are 
elaborate  mental  processes,  in  which  sensations  predominate. 

The  intellectual  faculties  are  derived  from  the  senses;  sensa- 
tions form  the  materials  for  intellect ;  in  other  words,  we  know 
and  learn  from  what  we  see,  feel,  hear,  taste,  and  smell.  People 
bom  blind  or  deaf  thus  labour  under  the  great  disadvantage  of 
having  one  or  the  other  channel  of  knowledge  closed  ;  they  can, 
however,  make  up  for  this  in  some  measure  by  an  education,  and 
consequent  increased  sensibility  of  the  channels  that  remain  open. 

The  simplest  menttil  operation  is  a  sensation — that  is,  the 
conscious  reception  on  the  mind  of  aii  impression  from  the  external 
world.     For  this  the  following  things  are  necessary : — 

1.  A  stimulus. 

2.  A  nerve-ending  to  receive  it. 

3.  A  path  to  the  brain. 

4.  A  part  of  the  brain  to  receive  the  impulse. 

The  brain  refers  the  sensation  to  the  nerve-ending  which 
received  the  stimulus ;  thus  pain  in  the  finger  is  referred  to  the 
finger,  tlie  sight  of  an  object  to  the  eyes,  «fec.  If  the  ulnar  nerve 
is  stimulated  by  a  knock  on  the  elbow,  the  sensation  is  referred 
to  the  fingers  where  the  nerve  is  distributed ;  if  the  stump  of  a 
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reo«tttly  amputated  leg  be  atimulatad,  the  brain  not  haFtug  got 
used  t<>  the  new  cDtiditioD  of  thing^^,  refers  tbe  aaumtinn  to  the 
%om,  whiob  atill  ^eem  to  be  present. 

Peroeption  is  n  more  conapUcateil  mental  procaBs  ;  it  eonatats 

^■pti   the  t^rotiping  of  ^Qti^atioo^,  ami  the  imagining  of  the  object 

^ferotti    which    they  arise,  und  whiuh  ia  ealled  the  percept.     The 

^Bmell,  the  taste,  the  oofoitr,  i^c,  of  an  orauge  are  all  ^tnisationa ; 

^■tliG  grouping  of  thbso  together  constitutes  the  pereeption  of  an 

^P^muge.      Each  mental  procen^  leaves  an  impnma  on  the  mind  ; 

^      theiic  iinprojisioua  build  up  memory,  or  tepre^enHllDt  imfighiMtO!^  ; 

I     this    may   be   ropHMluctive,  as   in  reailHng  a   frieud's  f noe ;   or 

^h&onstructK'e,  as  in  pictnritig  the  face  of  an  historical  ]ver90n« 

^"      During  the  whole  operation,  moreover^  there  mubt  be  attentimi  ; 

It  ia  quita  pocssiblc,  for  instance,  in  a  dreamy  persou,  that  he  may 

Joc:»k   at  a  thing  without  seeing   it,  or  be  present  at  a   lecture 

withtjiit  hearing  it. 

^m     The  more  C4>mplex  hitellectual  operations  eonsiat  in  the  forma- 

^^jon  of  cotict'pis^  and  reaMoning  the  gronping  and  iliaerimination  of 

ocmceptiona*     Just   as  pereeption  is  built  up  of   sensations^  eo 

conception  is  built  up  of  perceptions.     Thus  the  orauge  of  our 

previouis  example  is  learnt  to  be  one  of  e^mibr  substances  called 

fruits  ;  fruits  to  be  pnxlucts  of  the  vegetable,  as  distingaiahed 

from  the  animal  world,  and  so  on. 

This  is  seen  in  the  education  of  a  child  ;  at  first  scattemd 
sensations  only  are  perceived,  and  education  consists  in  learning 
what  these  sensations  uor respond  to  in  the  external  world,  and 
how  they  may  be  chi^aified*  The  other  mental  faculties  tii-e  in 
tlie  same  way  built  of  simpler  material ;  the  volitional  operations 
ire  at  tir*it  simple  responses  to  external  conditions ;  later  on  they 
:)me  more  complex  and  representufcive,  uuimiuating  in  speech, 
the  most  complicated  movement  of  alL  The  emotions,  too,  are 
It  firwt  ftimplei  and  merely  exaggerated  sensations  ;  the  higher 
ones  are  complex  and  representative. 

The  nerve-endings  that  receive  the  impreasiuu  from  the  external 
Fl**orld  are  of  various  kinds.      They  may  be  simply  ramifying  and 
interlacing  plexuses  of  nerve -fibrils,   as  in  the  cornea,  parts  of 
the  skin,  and  in  the  interior  of  the  body  j  this  kind  of  nerve- 
*nding  is  chiefly  associated   with  gei^ral  ^ensihUiiff^  that   vague 
kind  of  soostt^tion  which  cannot  be  put  under  any  of  the  special 
headings — taste,  sight,  heiiring,  touch,  and  sraelU     The  nerve- 
endings  of  the  nerve^*J!  of  special  sense  are  usuaUy  end-organs  of  a 
ip^eiahsed  kind,     Theniost  frequent  kind  of  sensory  end -organ  is 
ie  of  wluit  is  called  ii^rve-^ntkelium  :  certain  epithelial  cells  of 
surface  of  the  body  become  pecuiiarty  modified,  and  grouped 
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in  special  ways  to  receiye  the  impressions  from  the  outer  world  : 
these  send  an  impulse  into  the  arborisAtions  at  the  t€rminikti<m  of 
the  axis-cyljuders  of  the  nerves  which  em^elop  the  ceUi.  One 
of  these  varieties  of  nerve-epithelium  w©  have  already  made  tlw 
acquaintance  of,  in  the  hair-cells  of  the  semicircular  caiiali;  »t 
shall  find  other  kinds  in  the  hair-cells  of  the  cochlea,  in  th«  rodi 
and  cones  of  the  retina,  &c. 

Fain  is  due  to  an  excessive  stimulatjoa  of  the  other  seuioij 
nerves,  but  there  is  some  evidence  that  it  may  be  a  distinct  bc^ 
sation.  Thua  in  mtnt  cases  of  diseases  of  sensory  channels^  tactile 
sensation  may  be  intact,  but  sensitiveness  to  pain  abaent,  and 
i>ice  versd  ;  see  also  p.  642. 

The  other  essential  anatomical  necessities  for  a  senBation,  the 
channels  to  the  brain  with  their  numerous  cell-stationB  on  the 
road,  and  the  parts  of  the  brain  to  which  these  tracts  pass,  we 
have  already  dwelt  upon.  Some  of  these  points  we  shall,  how- 
ever,  be  obliged  to  return  to,  especially  in  connection  with  visioiL 
But  here  it  is  sufficient  to  insist  on  the  necessity  of  the  presence 
not  only  of  the  end-organ,  but  also  of  the  nervous  tracts  and 
centres.  Blindness,  for  instance,  may  not  only  be  due  to  disease 
of  the  eye,  but  also  to  disease  of  the  optic  nerve,  or  of  the  parte 
of  the  brain  to  which  the  optic  nerve  passes. 

A  small  stimulus,  or  a  small  increase  or  decrease  in  a  big 
stimulus,  will  have  no  effect ;  a  light  touch,  a  feeble  light,  a 
gentle  sound,  may  be  so  slight  as  to  produce  no  effect  on  the 
brain.  The  smallest  stimulus  that  produces  an  effect  is  caUed 
the  lower  limit  of  excitation  or  the  Itminal  (from  liment  a 
threshold)  intensity  of  tlie  sensation.  The  height  of  sensibility  or 
maximum  of  excitation  is  a  stimulus,  so  strong  that  the  brain 
is  incapable  of  recognising  any  increase  in  it;  a  bright  lig^t, 
for  instance,  may  be  so  intense  that  any  increase  in  its  brightness 
is  not  perceptible.  Between  these  two  extremes  we  have  what 
is  called  the  range  of  sensibility.  Most  of  our  ordinary  sensations 
fall  somewhere  about  the  middle  of  the  range,  and  Webef's  or 
Fechn^i^s  law  is  a  law  that  regulates  the  proportion  between  the 
stimulus  and  the  sensation,  and  which  is  operative  for  this  region 
of  the  range  of  sensibility.  In  general  terms  it  may  be  stated 
that  sensations  increase  as  the  logarithm  of  the  stimuli ;  or,  in 
order  that  the  intensity  of  a  sensation  may  increase  in  arith- 
metical progression,  the  stimulus  must  increase  in  a  geometrical 
progression. 

A  definite  example  will  help  us  to  understand  these  mathe- 
matical terms  a  little  better.  We  will  select  our  example  frran 
the  sense  of  vision,  because  the  intensity  of  the  cause  of  visual 
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SfiQiationfly  Hght^  ia  easily  meaaiimble.  Suppose  a  room  liglitod 
bj  too  candled;  and  one  candle  mare  13  brotigbt  iii^  the  increaae 
of  light  produced  by  the  extra  eatidle  is  quite  perceptible  to  the 
eye  ;  or  if  a  candle  were  removed,  tbe  decrease  m  light  would  be 
I  perfectly  appreciable.  Next  suppose  tbe  room  lighted  by  iiooo 
candles,  and  one  extm  was  brought  in^  no  difference  would  be 
eeeo  in  the  amount  of  illumination  ;  in  order  to  notice  incrertse  or 
decrease  in  the  light  it  would  be  neeessary  to  bring  in  ten  extra 
candledf  or  take  away  ten  of  the  caudles,  as  the  case  might  be. 
In  eacb  case  au  increment  or  decrease  of  one-hundredth  of  tbe 
original  light  is  necessary  to  cause  a  oorrasponding  increaae  or 
diminution  in  the  sensation. 

This  in  after  all  a  perfectly  familiar  fact ;  a  farthing  rushlight 
will  tnorfiase  the  illumination  in  a  dimly-lighted  cellar,  but  it 
makes  no  apparent  difference  in  tlie  bright  sunshine. 

The  magnitude  of  the  fraction  represontmg  the  increment  of 
^HitlmuluB  necessary  to  produce  au  increase  of  sensation  determines 
^Blhat  is  called  the  dueriminative  §enaihiiii^.     This  fraction  difiers 
^considerably  for  difiFerent  senaeH^rgans  j  thus  : — - 
L  For  light  it  is  yU. 

^ft     For  souud  it  is  -|. 
^^    For  weight  it  ia  ■^, 
^B    For  temperature  it  is  \. 

^B    For  tactile  pressure  ^  to  J^  in  different  parts  of  the  body, 

^P    Another  general  consideration  in  connection  with  sensation  is 

^^tbat  the  aensation   last^i  longer  than  the  stimulus  ■  a  familiar 

instance  of  this  is  the  sting  after  a  blow.     Tbe  after-senmdonit  aa 

they  are  ealledj  have  been  specially  studied  in  connection  with  the 

eye  (see  After-images). 

Su6)€ctive  nenmtiom  arc  those  which  are  not  produced  by 
stimuli  in  the  external  world,  but  arise  in  one^s  own  inner  con- 
aciousuess  ;  they  are  illustrated  by  the  sensations  experienced 
during  sleep  (dreams),  and  in  the  illusions  to  which  mad  and 
^^elirious  people  are  subject 
^ft  Homologmm  stimttii. — Each  kind  of  peripheral  end-organ  is 
^"ipecially  suited  to  respond  to  a  certain  kind  of  stimulus.     Tbe 

t homologous  atimuh  of  the  organs  of  special  sense  may  be  divided 
Iftto:— 
\  I.  Vibrations  set  up  at  a  diatance  without  actual  contact  with 
llie  object ;  for  instance,  light  and  radiant  heat. 
2.  Changes  protluced  by  actual  contact  with  the  object ;  for 
instance,  in  the  production  of  sensations  of  taste,  touch,  weighti 
and  alteration  of  temperature  by  conduction  ;  in  the  case  of  the 
olfactory  eud-organ&i  the  sensation  is  also  excited  by  material 
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particles  given  off  by  the  odoriferous  body,  and  borne  bj  the  tir 
to  the  nostrils.  Id  sound  also,  though  there  is  no  aetual  oontaet 
of  the  ear  with  the  vibrating  body  which  emits  the  sound,  U» 
organ  of  hearing  is  excited  by  waves  of  material  substanoty  fim 
of  air,  then  of  bones,  then  of  endolymph,  and  these  excite  the 
nerve-endings  of  the  internal  ear. 

When  the  eye  is  excited  by  any  other  kind  of  stimulus  than  by 
light,  which  is  its  adequate  or  homologous  stimulus,  the  sensatioii 
experienced  is  light  all  the  same ;  for  instance,  one  sees  tpirks 
when  the  eyeball  is  struck  ;  singing  in  the  ears,  the  result  of  an 
accumulation  of  wax  against  the  membrana  tympani,  is  a  similir 
example. 

This  brings  us  to  the  conclusion  of  this  chapter  by  leading  to 
the  question,  Is  there  such  a  thing  as  specific  nerve-energy  f  It  ii 
an  old  question,  but  the  answer  has  still  to  be  found.  Sight  is  t 
different  thing  from  hearing,  and  both  are  different  from  taste 
and  smell.  What  is  the  difference  really  due  to  t  Can  it  be 
explained  by  supposing  that  the  nervous  impulse  along  the  optie 
nerve  is  a  different  kind  of  molecular  change  from  that  which 
accompanies  gustatory  or  auditory  impulses?  Or  can  it  be 
explained  by  supposing  that  the  main  difference  is  in  the  eod- 
organ,  or  in  the  psychical  process  which  interprets  the  impulse 
from  the  end-organ  ]  Until  we  know  more  about  the  nature  of 
the  molecular  change  which  constitutes  a  nervous  impulse,  it  is 
merely  a  matter  of  speculation  whether  specific  nerve-energy  exists. 
(See  Langley's  experiments,  p.  297.) 


CHAPTER  LL 

TOUCH. 


Under  the  general  heading  Touch  we  shall  include  the  various 
kinds  of  sensory  impressions  that  start  from  the  skin  and 
muscles. 

Tactile  End-organs. 

First,  however,  it  is  necessary  to  study  the  varieties  of  end- 
organs  concenied  in  the  reception  of  the  impressions.  They  are 
of  numerous  kinds,  but  the  following  are  the  principal  ones : — 

Pacinian  Corpuscles. — These  are  named  after  their  disooverer, 
Pacini.    They  are  little  oval  bodies,  situated  on  some  of  the  oerehro- 
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^tial  and  sympatbetie  nerves,  eflpecially  the  cutaneous  nervm 

of  the  hands  and  feet^  wbere  they  lie  deeply  placed  in  the  true 
akto.  They  also  occur  on  the  nerves 
of  tlie  mesentery  of  some  animals  like 
the  cat.  They  have  been  observed 
also  in  the  panereoa,  lyuaphatlc  glands 
Mid  thyroid  glandi,  as  well  m  in  the 
pemii.  They  are  about  j^  inch  loug. 
Each  corpuscle  is  attached  by  a  narrcm* 
pedicle  to  the  nerre  on  which  it  ia 
situated,  and  m  formed  of  several 
concentric  layers  of  membrane,  con- 
listing  of  a  hyaline  ground-membmna 
©mine ctive- tissue  fibres,  each  layer 
*,  Bned  by  endothelium  {figs,  500, 

01);  through  its  pedicle  parses  a  single 
nerve-fibre,  which,  after  traversing  the 

veral  coucentrio  layers  and  their  in- 

rmediate  spaces,  loses  its  lueduilary 

,e&th  and  enters  a  central  core,  at  or 

ear  the  distal  end  of  which  it  termi- 
nates in  ail  arborisation.  Some  of  those 
layers  are  continuous  with  those  of 
the  perineurium,  but  some  are  super- 

IdecL  In  fiome  cases  two  nerve-fibres 
haTe  been  seen  entenng  one  Pacinian 

body,  and  in  others  a  nerve-fibre  after  passing  unaltered  through 
one  has  lieen  obsorvud  to  terminate  in  a  second  Pacinian  corpuscle. 
The  corpusolee  of  HerbBt  (fig.  502)  are  closely  allied  to 
Pacinian  corpuscles,  except  that  they  are  smaller  and  longer  with 
a  row  of  nuclei  around  the  central  termination  of  the  nerve  in  the 
core.  They  have  been  found  chiefly  in  the  tongues  and  bills  of 
ducks.  The  capsulefi  are  nearer  together,  and  towards  the  centre 
the  endothelial  sheath  apjjears  to  be  absent 

Ezid-b\ilb8  are  found  in  the  conjunctiva  (where  m  man  they 
are  spheroidal,  but  in  most  animals  oblong),  in  the  glans  penis 
Bnd  clitoris,  in  the  skin^  in  the  lipsj  in  the  epineurium  of  nerve- 
trunks,  and  in  teudon  ;  each  1^  alwut  ^J,^  inch  in  diameter,  oval 
or  spheroidal,  and  is  cDuijxtsed  of  a  medul kited  nerve-fibre,  which 
terminat-ea  among  cells  of  various  shapes.  Its  capsule  contains 
a  tmna parent  or  striated  core,  in  the  centre  of  which  t^rm mates 
the  axis-cylinder  of  the  nerve-fibre,  the  ending  of  which  is 
some  what  clubbed  (fig,  503). 

TouQh-corpii8cl60  (figs.  504,  506)  are  found  in  the  i^apiUee 
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of  the  skin  of  the  fingers  and  toes.  They  are  small  oUoog 
masses,  about  7^  inch  long,  and  -g^  inch  broad,  o(Hnpo6ed  of 
connective-tissue,  surrounded  by  elastic  fibres  and  a  capsule  of 
more  or  less  numerous  nucleated  cells.     They  do  not  occur  m  all 


Ffg.  500.— Pacinian  corpuscle  of  the  oat's  meMntery. 
(N)  with  its  thick  outer  sheath,  *  ' 


The  stalk  consists  of  a  nerrv-ffin 

The  peripheral  capsules  of  the  Padniaa  eotpusiii 

are  continuous  with  the  outer  sheath  of  the  stalk.    The  intermedia] 
much  narrower  near  the  entrance  of  the  axis-cylinder  into  the  dear  i 

hook-shaped  termination  (T)  is  seen  in  the  upper  part.    Ablood-\ 

the  Pacinian  corpuscle,  and  approaches  the  end:  it  possesses  a  sheath  i 
continuation  of  the  peripheral  capsules  of  the  raomian  oorpuide.     X 
and  Noble  Smith.) 


BdmeBtSB 
whldiistltt 
(KMb 


the  papillee  of  the  parts  where  they  are  found,  and,  as  a  rule,  in 
the  papill&e  iu  which  they  are  present  there  are  no  blood-vessels. 
The  peculiar  way  in  which  the  medullated  nerve  winds  round 
and  round  the  corpuscle  before  it  enters  it  is  shown  in  fig.  506. 
It  loses  its  sheath  before  it  enters  into  the  interior,  and  then 
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^ cylinder  branches,  and  the  branches  after  either  a  straight 
pointed  courge  terminate  within  the  corpuBoIe. 


— Bmomft  af  «  Fbcfnijui  corpiuGle  <rf  the  htuniin  flnp^r,  ihowiug  the  endutbeliK] 
mfimbmciea  tiiUTLg  t^  capvults.     X  330.    {KImsi  and  No&k  SEmth.) 

oorpuBclea  of  Grandry  (fig.   505)  form  another  varietj, 
iVe  been  noticed  in  the  beaks  and  tongnea  of  birds.     Thej 


n^^A  ooxpoecie  of  Herb«t,  fram       Big.  i^o^— End-bnlb  of  Kimtwe.    n,  hmv 
I  toDguff  of  A  ^uck.    a^  mcduUated  auUated  Dcrv(!-fttirei ;    i^,  o«p«vl&  ol 

>  of  OYal  or  spherical  cells,  two  or  more  of  which  comprcsBcd 
Uj  are  contained  within  a  delicate  nucleated  sheath.      The 
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cells  are  granular  aud  transparent^  with  a  nucleua.  Thenme 
enters  on  one  side  and,  laying  aside  its  medullary  sheath,  terminata 
between  the  cells  in  flattened  expansions. 


Fig.  50 |.—FapillcT-  fn>m  tlie  akin  of  the.hand,  freed  from  the  cuticle  and  ezhibitiaftifllfli 
corpuMoIe«.  a.  Simple  paoilU  with  four  nerre-flbres ;  a,  tactile  corpiucle ;  k,vnn 
vrith  binding  tibrea  e  ana  «.  b.  Fafnlla  treated  with  acetic  add :  a.  cortical  hn 
with  cellH  and  tine  elairtJc  fllamenta :  h  tactile  coipuvde  with  transTme  Dndti; 
e,  entering  nerve;  d  and  e,  nerve-obreB  winding  round  the  conNuole.  x  ml 
(Kolliker.)  '^ 

Sensory  nerve-endings  in  musole. — Nerve  termination 
sensory  in  function,  are  found  in  tendon.  These  appear  w 
much  like  end-plates,  and  are  represented  in  figs.  507  and  508. 


Fig.  «;os.— A  corpuscle  of 
Grandry,  from  the 
tongue  of  a  duck. 


Fig.  506.— A  touch-corpusde  from  the  iikin  if  the 
human  hand,  stained  with  gold  chloridr. 


The  neuro-mvncuiar  sjnnJle^,  which  are  described  on  p.  93,  and 
which  are  principiilly  found  in  muscles  in  the  neighbourhood 
of  tendons  and  aiMDneuroses,  are  believtM  by  the  maj(»rity  of 
:4>b8ervcr8  to  be  sensorj-  end-organs.  One  of  these  spindles  is 
fhowu  in  the  accompanying  drawing  (tig.  509). 


OORPDSCLES. 


-iucipal  groundB  for  believing  the  neuro-museular  epindles 
he  fieDiJor^%  are  first,  that  the  nerve-filirew  that  a  apply  them  do 
bol  degenerate  when  the  anterior  routa  cif  tlic  spinal  uorves  are 
jfentj  aui\  secoiidljj  that  they  do  degeneratt*  when  the  posterior 


5CF7.— TeamJiiAtioii    at    medullated 
^  To^flbrf^  is  tewloti  amr  the  muM- 
ritwertbu.    (Golgi.) 


ng,  ^icS,— One  of  Uie  retittilAt'ttl  end-plmtet, 
ot  flff.    <%07,   mot*  l^iiurbly  nm^fnifled.    «, 


Pmrts  are  divided  (SherrHi^ton),  They  also  undergo  degenerative 
^  changes  in  locomotor  aUj;  \%  which  is  a  dieease  of  the  sensory 
boervi^'Units,  and  remain  healthy  in  infantile  paralysis,  whieh  is  a 


— Neurr»-niii*;ii]iit  HiinxUf',    4-,,  mpKcik^  it.^n*  neirve  tsfialc;  m.s.&,,  m^itiir  nmo 
*J*^;    plf.,  jjatt-enduiff ;    pr^e.,  ptteuy  tietir^endlDg ;   a.c.*  ieooDdAry  ending, 


of   the  motor  cells  of   the   anterior  horn  of   the   cord 
itten). 

In  addition  to  the  special  end-org-ans,  sensory  fibres  may  ter- 
minate in  plaxu80e,  tm  in  the  fiub^pithelial  and  the  intra-epitheliftl 
plexus  of  the  cornea  (fig.  510)- 

We  may  now  proceed  to  the  conaideration  of  the  aenae  of  Umch, 
itietf ;  it  may  be  tjiken  under  three  heads  :~ 
I.  Localiaatiou  of  ^uns^itioua. 
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2.  The  sense  of  pressure. 

3.  The  sense  of  temperature. 


I^Jf   *igAJA^-S^«St5j^|plS    d 


FIff.  <io.— Vertioal  section  of  rab- 
Dirs  cornea,  stained  with  gold 
chloride.  The  nerves  m,  ter- 
minate in  a  plezm  under  and 
within  the  e^dial  lajer, «. 


When  any  object  rests  on  tb 
skin,  it  is  possible  by  tactile  eeue 
to  ascertain  its  shape  and  the  pan 
of  the  skin  which  it  touches  (locaJh- 
tion);  to  estimate  its  weight  evenK 
it  is  not  lifted  (sense  of  preBBure); 
if  it  is  lifted  the  muscular  aenie  ii 
called  into  play ;  and,  thirdly,  Ij 
the  temperature  sense  we  detenuDe 
whether  it  is  hot  or  cold.  The  aid. 
organs  in  the  skin  are  numenrai,iBd 
it  is  quite  possible  that  these  tomtiom 
are  received  by  different  kinds  of  end. 
organs,  though  we  are  not  aoquabted 
with  which  corresponds  to  which.  It 
is  also  not  possible  to  draw  a  haid- 
and-fast  line  between  touch  proper  gb 
the  one  hand  and  general  senahili^ 
and  pain  on  the  other.  The  fivti 
of  disease,  especially  in  that  disean 
of  the  sensory  tracts  called  loco- 
motor ataxy,  point  to  the  conch, 
sion  that  these  varieties  of  sensitiQn 
are  transmitted  to  the  central  nenooi 
system  by  different  tracts,  and  reoeiT«| 
and  interpreted  there  by  different  arai 
(see  pp.  642  and  664).  ,  ■■■. . 


Localisation  of  Tactile  SenBations. 

The  ability  to  localise  tactile  sensations  on  different  parts  of  the 
surface  is  proportioned  to  the  power  which  such  yiats  possea 
of  distinguishing  and  isolating  the  sensations  produced  by  two 
points  placed  close  together.  This  power  depends  in  part  on  tbe 
number  of  nerve-fibres  distributed  to  the  part ;  for  the  fewer  the 
fibres  which  any  part  receives,  the  more  likely  is  it  that  sevenl 
impressions  on  different  contiguous  points  will  act  on  only  one 
nerve-fibre,  and  hence  produce  but  one  sensation.  Experiment* 
have  been  made  to  determine  the  tactile  properties  of  different 
parts  of  the  skin,  as  me^isured  by  this  power  of  distinguishing 
These  consist  in  touching  the  skin,  while  the  eyes  are 
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ith  the  points  of  a  pair  of  compasses,  and  m  a»certaiuing 
^e  the  points  of  the  compaases  may  be  brought  to  each 
id  still  be  felt  as  t^o  points. 

it  VAflatiouB  in  th«  tactile  aensibillty  of  different  peart ■. — 

mi'ft^urew0^nt  lAdicafea  ths  Jefijtf  tiigtanet'  at  which  the  tn)& 
f   Iff  a  pmir    of  eompamei  atmld   be   nrjKirattltf   (fhfinfvittkrd. 

igue      ..«,....  ^  inch  i  mm. 

i7£i6e  of  third  pbalnnx  of  forefinger        ■     <  ^  11  ^    i* 

iiface  of  fiecond  |}halange@  of  ^ng«ra   «         .  i  fi  4    m 

ce  of  under-lip         .                ,        ,        ♦     ■  i  t»  4    »i 

I  noee ^         -  I  m  6     », 

donum  of  toDgae   ......  |  ^1  S    1, 

md      ........  ^  '  '°  " 

bafd  pftlate     .......  |  „  12  n 

rfnce  of  iiTBt  pbftlanges  of  fingers         .        ■  &  if  <4  n 

and .        .     .  IJ  »,  25  ,, 

f  foot  near  toet 14  u  3?  ti 

^ou 14  „  37  „ 

3on 14  ,p  37  ,t 

i  lower  parte  of  forearm  .        .        .        ,     .  1  j  ^^  3?  u 

eck  near  occiput  ,        .....  2  ^i  5©  m 

psal  and  mid -lumbar  regions    .       .       .    .  2  „  50  »i 

irt  of  forearm        ......  2|  ^^  ^2  ^^ 

«J"«h ^4  ,»  63  i» 

Cftl  region       . H        n  62      n 

J  region   .       .       .       ,       .       .       .    .    24     ^^  ^^    -a 

iver,  in  the  case  of  the  limbs,  it  was  found  that  before 
"e  recognised  as  twOj  the  points  of  the  compasses  had  to 
er  separated  when  the  line  joining  them  was  in  the  long 
he  limb,  than  when  in  the  transverse  direction, 
ding  to  Weber  the  mind  estimates  the  distatice  l>etween 
its  by  the  number  of  un excited  nerve-endings  which  inter- 
tween  the  two  points  touched.  It  would  appear  that 
n  number  of  interyening  unoicited  nerve-endings  are 
f  before  the  points  touched  can  be  recognised  as  separate, 
greater  this  mmiber  the  more  clearly  are  the  points  of 
distinguished  as  seimrat-e.  But  the  number  of  nerve- 
is  not  the  only  factor  in  the  case,  for  by  practice  the 
of  a  sense  of  to\ich  may  be  veiy  much  increased.  A 
illustration  occurs  in  the  case  of  the  blindj  who,  by  con- 
actice,  can  acquire  the  power  of  reading  raised  letters  the 
'  which  are  almost  if  not  quite  undistinguishable  by  the 
tdUeh  to  an  ordinary  person. 

power  of  correctly  localising  sensations  of  touch  is  gradually 
from  experience.  Thus,  infants  when  in  pain  simply  cry 
Ee  no  effort  to  remove  the  cause  of  irritation,  as  an  older 
•  adult  would  J  doubtless  on  account  of  their  imperfect 

L 
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knowledge  of  its  exact  situation.  Ab  education  proceeds  \J^ 
braoi  gets  to  know  more  and  more  aocuratelj  the  surface  of  tin 
body,  and  the  map  of  the  surface  in  the  brain  is  most  aocuntelj 
known  where  there  is  most  practice  of  the  sense  of  touch.  The 
great  delicacy  of  the  tongue  as  a  touch  organ  in  judging  tbe 
form  and  size  of  objects  can  be  explained  by  the  fact  that  this 
organ  has  to  rely  upon  the  sense  of  touch  alone.  Usu&iiy,  in 
ascertaining  the  shape  of  an  object  on  the  part  of  the  skin  it 
touches,  we  use  our  eyes  as  well.  In  the  case  of  the  interior  of 
the  mouth  this  is  impossible. 

The  different  degrees  of  sensitiveness  possessed  by  diffaieBl 
parts  may  give  rise  to  errors  of  judgment  in  estimating  tiu 
distance  between  two  points  where  the  skin  is  touched.  Thu^ 
if  the  blunted  points  of  a  pair  of  compasses  (maintained  at  i 
constant  distance  apart)  are  slowly  drawn  over  the  skin  of  tb 
cheek  towards  the  lips,  it  is  almost  impossible  to  resist  theoofr 
elusion  that  the  distance  between  the  points  is  gradually  increii. 
ing.  When  they  reach  the  lips  they  seem  to  be  coi^ideraUf 
further  apart  than  on  the  cheek.  Thus,  too,  our  estimate  of  tk 
size  of  a  cavity  in  a  tooth  is  usually  exaggerated  when  baaed  opn 
sensation  derived  from  the  tongue  alone.  Another  curiooi 
illusion  may  here  be  mentioned.  If  we  close  the  ey^  and  plan 
a  marble  between  the  crossed  fore  and  middle  fingers,  we  aeem 
to  be  touching  two  marbles.  This  illusion  is  due  to  an  error 
of  judgment.  The  marble  is  touched  by  two  surfaces  whicb, 
under  ordinary  circumstances,  could  only  be  touched  by  twtt 
separate  marbles,  hence,  the  mind,  taking  no  cognizance  of  the 
fact  that  the  fingers  arc  crossed,  forms  the  conclusion  that  the 
two  sensations  are  due  to  two  marbles. 

The  Sense  of  Pressure. 

The  sense  of  pressure  may  be  estimated  by  the  ability  of  the 
skin  to  distinguish  different  weights  placed  upon  it.  There  must 
bo  no  lifting  of  the  weight,  or  the  muscular  sense  is  brought  into 
play  also.  The  acutouess  of  the  pressure  sense  is  differently 
distributed  from  that  of  ability  to  localise  sensations;  tlie 
forearm,  for  instance,  is  as  sensitive  in  this  direction  as  the  skin 
of  the  palm.  The  tip  of  the  tongue  is  the  most  discriminatiTe 
portion  of  the  body  for  locality,  but  it  is  not  so  for  pressure; 
one  cannot,  for  instance,  feel  one's  radial  pulse  with  the  tongwe. 
The  fraction  which  by  Weber's  law  represents  the  discriminadw 
sensibility  varies  from  J  at  the  finger  tip  to  |  at  the  shoulder 
blade  (see  p.  677). 


The  Sense  of  Tempdrature. 

iero  again  the  diBtrihutiou  of  aouteneas  is  different ;  the  tip 
fiuger   h    not    nearly    so    sensitive   as    the    forearm   or 
tlie  cheek,  to  which   a  waalierwoman  genemlly  holds  her  iron 
^m  fomiitig  a  judgroent  of  its 
tWttperature*    The  fraction  which 
tVf^ir^entt&      the      diHeriminative 
seni^ibilitj  is  approximately  4, 

tt  hm  tu'en  further  shown  that 
there  are  two  kind«  of  nerve- 
tsidiugs  for  temperature  in  the 
akin  which  arc  respectively  ex* 
«i5itcd  by  heat  aDcl  cold,  ThuH, 
Ka  gniall  metidlic  pencil  kept 
Iprm  hy  a  stream  of  water  inside 
^  is  moved  over  the  surface, 
|k|rt  are  Home  points  where  the 
Bpwtion  m  merely  tactile,  and 
nt  others  tlie  pencil  will  feel 
ufiwaifortahly  hot ;  these  spots  are  called  heat  tipf>U.  Cold  »poU 
©ijiy  be  similarly  mapped  out  by  the  use  of  a  cold  pencil.      The 

otapanying  figure  (fig*  511)  indicates  a  small  piece  of  the  skin 
Ittie  thigh  with  the  heat  spota  horizontally,  and  the  cold  spots 

tioallj  ehaded. 


F%.  $i  t,— HpAt  and  cfold  spots.     WsUpri 
after  Giilrlwaieiaflr), 


The  Muscular  Senae. 

|The  muacidar  sense  has  been  much  diseusjjed  ;  some  have  even 
nied  ita  existence,  and  stipposed  that  it  m  merely  a  variety  of 
tn!tile  sense  ;  when  the  muscles  contract  they  press  upon 
I  ikin  over  them  and  the  jointts.  No  doubt  the  tactile  sense 
t pressure  helps  ns  to  know  what  we  are  doing  with  our  tnuscles, 
lit  there  are  two  «et?*  of  facta  which  show  that  the  mnacular  sense 
ojwr  is  different  from  the  tactile  sense.  One  of  these  is  that  the 
mhr  mmc  estimated  by  the  lifting  of  weights,  or  by  the 
oant  of  convergence  of  the  axes  of  the  eyes  in  looking  at  objects 
at  different  distances,  is  much  more  sensitive  than  the  tactile 
aetme  0!  preasnre  ;  the  fraction  representing  the  di»erimiuative 
temtihility  heiug  only  j-V  instead  of  l  or  ^,  which  is  the  fraction 
fcir  the  pressure  sense.  The  other  set  of  facta  are  obtained  from 
the  study  of  disease ;  locomotor  ataxy  is  a  selective  disease ;  it 
mwj  pick  out  certain  sensory  tracts  and  leave  others  for  a  time 
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intact ;  in  this  way  the  muscular  sensa  may  be  destroyed  witbooi 
the  tactile  sense  being  much  affected. 

Those  who  believe  in  the  muscular  aeese  are  again  "^iiTided 
into  two  set^ ;  acme  believe  that  the  muscular  aeose  is  &d  loooo^ 
paniment  of  the  efferent  impuke  and  it  is  variouBlj  apoken  of  m 
an  estimation  of  will  foroe,  or  a  sense  of  expended  eoeigj  ^  odiei^ 
and  among  these  the  majority  of  physiologists  must  be  inctudc^ 
look  upon  the  sense  as  due  to  efTerent  impulsea  from  the  mmcb 
to  the  brain,  Tbe  "  estimation  of  will  force  "  doctnne  »«  put  oat 
of  court  by  the  fact  that  people  know  when  their  muscles  uq 
contracting^  and  whether  they  are  contracting  much  or  littk, 
when  there  is  no  expenditure  of  will  force  at  aJl,  as  when  tb 
muscles  are  made  to  contract  artifioially  under  tbe  influineed 
electrical  stimulation.  There  are  now  many  anatomicil  fteti 
which  point  to  the  correctness  of  tbe  view  that  the  muAoolv 
sense  is  a  true  sense.  Many  years  ago  it  was  shown  that  out 
of  the  nerve-fibres  which  go  to  the  frog*s  sartorius  some  few 
degenerate  after  section  of  the  posterior  nerve- roots.  This  bu 
been  more  recently  demonstrated  to  be  also  the  case  in  the  mosclei 
of  mammals  by  Sherrington.  The  discovery  of  sensory  nene- 
endings  in  musele  and  tendon  points  in  the  same  dkectioa 


CHAPTER    LII. 

TASTE  AND  SMELL. 

These  two  senses  are  very  closely  allied  to  one  another,  and  it 
will  therefore  be  convenient  to  consider  them  in  one  chapter. 

Taste. 

Certain  anatomical  facts  must  be  studied  first  in  connectioii 
with  the  tongue,  the  upper  surface  of  which  is  conoemed  in  tbe 
reception  of  taste  stimuli. 

The  tongue  is  a  muscular  organ  covered  by  mucous  membrane. 
The  nmscles,  which  form  the  greater  part  of  the  substance  of 
the  tongue  (intrinsic  muscles)  are  termed  lin^uales ;  and  bj 
these,  which  are  attached  to  the  mucous  membrane,  its  smaller 
and  more  delicate  movements  are  performed. 
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By  other  muacles  (ejrtrinsic  muscles),  like  the  genio-hjogloBsuB, 
iie  sty  log  loss  lis,  kc^^  the  tongiae  is  fixed  to  Burrounding  partis ; 
nd  by  these  its  larger  movements  arc  performed. 


F^.  5t:»^— r»|iillai'  surface  of  the  tofigiie,  with  the  ikucaiflAd  loaKilp.  t,  t,  ctfcnniv^Uatc! 
papillM-%  in  front  of  3^  the  fonmen  cflxiuro  ;  3,  faiiBifcniEi  papiUiv ;  **  tUilortw  nod 
oanjral  pApillu? ;  5,  bun^'ci-M  unci  ul^Uquf?  rug^c^ ;  6,  mueotui  9 lands  &t  the  baste  ot  the 
iQngtie  unJ  in  the  fauna;  7,  ttinnib;  8,  part  at  the  epi^ottiit;  9^  m«diiui  gluwo- 
epigluttide^ui  fold  {freFinum  epifflottidis).    [From  Sappoy 0 

The  mucous  membrane  of  the  tongue  reaemblee  other  mucous 
membraneis^in  essential  ijoiuts  of  structure,  but  eontaius  p(tptfh\ 
peculiar  to  itself.  The  tougue  is  also  beset  with  uumcroua 
mucous  glands  (fig*  513)  and  lymphoid  nodules* 


K.P. 
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The  larger  papillct  of  the  tongue  are  thick  I  j  set  m«st  tbe 
anterior  two-third b  of  it«  tipper  surface,  or  d^rgam  (fig.  512)^  wd 
give  to  it  its  diaracteriatiu  roughness.  In  camivoroiiH  animil^ 
especially  tho«e  of  the  cat  t^Jl;)t^,  the  papilla;  attain  a  larg«  liie^ 

and  are  dereloptxi  into  »barp  z«. 
curved  hornj  spinosi.  Stich  papilU 
cannot  be  regarded  aa  aenaitive,  \mi 
they  enable  the  tongue  to  pky  tbe 
part  of  a  rasp,  aa  in  BcmpiDg  Um^ 
or  of  a  comb  in  cleaiimg  fur.  Tbe 
papilla*  of  the  tongue  present  sevtii] 
diversities  of  form ;  three  pritn;ip»l 
varietiei  may  be  distinguwiied, 
namely^  the  (i)  circtimvaiiaie^  tht 
(2)  futi*jif&nn^  and  the  (3)  conierf 
a/rni  fiUforvi  piipilhe.  They  are  «1I 
formed  by  a  projeetion  of  the  oariuni 
of  the  mucou8  membrane^  oovetvd 
by  stratified  epithelium  i  they  tmytm. 
special  branches  of  blood-Tessels  aitd 
nerves. 

The  corium  in  each  kind  11 
studded  by  minute  conical  pro€€flKt 
or  microBcopic  papillae 

(i.)  Circuntvallate. — These  pa- 
pilla) (fig.  514),  eight  or  ten  m 
number,  are  situate  in  a  V-shaped 
line  at  the  base  of  the  tongue  (i,  i, 
fig.  512).  They  are  circular  eleva- 
tions, from  ^th  to  -jV th  of  an  inch 
wide  (i  to  2  mm.),  each  with  a 
slight  central  depression,  and  sur- 
rounded by  a  circular  moat,  at  the 
outside  of  which  again  is  a  slightly 
elevated  ring  or  rampart ;  their 
walls  contain  taste-buds.  Into  the 
moat  that  surrounds  the  central  tower,  a  few  little  glands  open. 
They  form  a  thin  watery  secretion. 

(2.)  Funqifcn^m. — The  fungiform  papillie  (3,  fig.  512)  are 
scattered  chiefly  over  the  sides  and  tip,  and  sparingly  over  the 
middle  of  the  dorsunj,  of  the  tongue ;  their  name  is  derived  from 
their  being  shaped  like  a  puff-ball  fungus.     (See  fig.  515B). 

(3.)  Conical  and  Filiform. — These,  which  are  the  most  abun- 
dant papillsD,  are  scattered  over  the  whole  upper  surface  of  the 


Fig.  SI.3' — Section  of  a  muoouB  gland 
nt>in  the  tongue.  A,  opening  of 
the  duct  on  the  free  surface ; 
C,  basement  membrane  with  nu- 
clei ;  B,  flattened  epithelial  oeUa 
lining  duct.  The  duct  divides 
into  several  branches,  which  are 
convoluted  and  end  blindlv,  being 
lined  throughout  by  columnar 
epithelium.  D,  lumon  of  one  of 
the  tuhuli  of  the  gland. 


(Klein  and  Noble  Smith.) 
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:€mgue,  but  especially  over  the  middle  of  the  dorsum.  They  vary 
bn  shape,  some  being  conical  (simple  or  compound)  and  others 
Btiform  ;  they  are  covered  by  a  thick  layer  of  epithelium,  which  is 
either  arranged  over  them,  in  an  imbricated  manner,  or  is  pro- 
longed from    their  surface  in  the  form  of  fine  stiff  projections 


f%g.  514.— Vertical  section  of  a  circnmvallate  papilla  of  the  calf,  i  and  3,  epithelial  layers 
ooTerixig  it ;  2,  taste-bucU ;  4  and  4',  duct  of  serous  gland  opening  out  into  the  pit 
in  which  papilla  is  situated ;  5  and  6,  nerves  ramifying  witfabi  ^e  papilla. 
(Kngrimann.) 

(fig.  516).  From  their  structure,  it  is  likely  that  these  papillee 
iave  a  mechanical  and  tactile  function,  rather  than  that  of  taste ; 
the  latter  sense  is  seated  especially  in  the  other  two  varieties 
of  papilla),  the  circumvallate  and  the  ftmgiform. 


^■'\ 


Hg.  515.— Surface  and  section  of  the  fungiform  papillm.  A,  the  surface  of  a  fungiform 
papilla,  partially  denuded  of  its  epthelium ;  ;>.  secondary  papillee ;  ^,  epithelium.  B, 
section  of  a  fungiform  papilla  with  the  blood-vessels  injected ;  a,  artery ;  f ,  vein ; 
c,  capillary  loops  of  similar  papillsB  in  the  neighbouring  structure  of  the  tongue ;  cL 
capillary  loops  of  the  secondary  papillae  ;  c,  epithelium.  (From  Kulliker,  after  Todd 
and  Bowman.) 

In  the  circumvallate  papillte  of  the  tongue  of  man  peculiar 
jtructures  known  as  ta^te-biuls  have  been  discovered.  They  are 
)f  an  oval  shape,  and  consist  of  a  number  of  closely  packed, 
irery  narrow  and  fusiform,  cells  {gustatory  cells).     This  central 
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oore  of  gustatory  cells  is  enclosed  in  a  single  layer  of  broader 
fusiform  cells  (encasing  cells).     The  gustatory  cells  termiDate  in 
fine  stiff  spikes  which  project  on  the  free  surface  (fig.  517,  a). 
These  bodies  also  occur  side  by  side  in  considerable  nnmben 

in  the  epithehom  of  the 
papilla  foliata,  which  it 
situated  near  the  root  of 
the  tongue  in  the  rabbity 
and  is  composed  of  a 
number  of  closely  packed 
papillse  very  similar  in 
structure  to  the  circum- 
vallate  papillee  of  mao. 
Taste-buds  have  alao 
been  observed  scattered 
over  the  posterior  third 
of  the  tongue  and  the 
pharynx,  as  low  as  the 
posterior  (laryngeal)siir- 
face  of  the  epiglottis. 

The  gustatory  cells  in 
the  interior  of  the  taste- 
buds  are  surrounded  hj 
arborisations  of  the  ter- 
minations of  the  glosso- 
pharyngeal nerve. 

The  middle  of  the 
dorsum  of  the  tongue  is 
not  endowed  to  any  great 
degree  with  the  sense  of 
taste ;  the  tip  and  mar- 
gins, and  especiaUy  the 
posterior  third  of  the 
dorsum  (t'.c.,  in  the  region 
of  the  taste-buds),  pos- 
sess this  faculty.  The 
anterior  part  of  the 
tongue  is  supplied  by  the  lingual  branch  of  the  fifth  nerve  and  the 
chorda  tympaiii,  and  the  posterior  third  by  the  glosso-pharyngeal 
nerve.  Considerable  discussion  has  arisen  whether  there  is  more 
than  one  nerve  of  taste.  The  view  generally  held  by  physiologists 
is  that  the  glosso-pharyngeal  nerve  is  the  nerve  of  taste,  and  the 
lingual  the  nerve  of  tactile  sensation.  Nevertheless,  the  lingnal 
and  the  chorda  tympani  do  contain  taste-fibres,  which  may  be^ 


Fig.  516.— Filiform  papillie,  one  with  epithelium, 
the  other  without.  V-— P>  the  substanoe  of  the 
papilla  dividinff  at  their  upper  extremities  into 
secondary  papillse ;  a,  arteij.  and  i;,  vein,  diriding 
into  capillary  loops ;  e,  epitnelial  covering,  lami- 
nated between  the  papiUfle.  but  extended  into 
hair-like  procesaes,/,  from  the  extremities  of  the 
secondary  papilhe.  (From  Kolliker,  after  Todd 
and  Bowman.) 
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tiowerer,  ultimately  derived  from  the  glosso-pharyngeal  by  its 
commimioation  with  the  fifth  and  chorda  tympani  in  the  tym- 
fMuiic  plexus.     Sir  William  Gowers,  on  the  other  hand,   holds 


Sly.  <Z7.— Taste-goblet  from  dog's  epiglottic  (larjmgeal  surface  near  the  base),  predsely 
■anilar  in  strooture  to  those  found  in  the  tonffne.  a,  depression  in  mithmimn  over 
goblet ;  below  the  letter  are  seen  the  fine  hair-uke  processes  in  which  uie  odls  termi- 
nate ;  e,  two  nuclei  of  the  axial  (gustatory)  cells.  The  more  superficial  nuclei  belong 
to  the  superficial  (encasing)  cells ;  the  converging  lines  indicate  the  fusiform  shape  w 
the  encaang  cells,    x  400.    (Bchofleld.) 


that  the  true  nerve  of  taste  is  the  fifth,  and  that  the  taste-fibres 
in  the  glosso-pharyngeal  come  ultimately  from  the  fifth. 

Tastes  may  be  classified  into — 

I.  Sweet.  2.  Bitter. 

3.  Acid.  4.  Saline. 

Sweet  is  antagonised  by  acid  as  well  as  by  bitter  tastes.  Acids 
and  salines  apparently  affect  nerves  of  tactile  sense  as  well  as 
those  of  taste  proper.  Sweet  tastes  are  best  appreciated  by  the 
tip,  acid  by  the  side,  and  bitter  tastes  by  the  back  of  the  tongue. 
Mavours  are  really  odours. 

The  substance  to  be  tasted  must  be  dissolved ;  here  there  is  a 
striking  contrast  to  the  sense  of  smell.  In  testing  the  sense  of 
taste  in  a  patient,  the  tongue  should  be  protruded,  and  drops 
of  the  substance  to  be  tasted  applied  with  a  camel's  hair  brush  to 
the  different  parts  ;  the  subject  of  the  experiment  must  signify 
his  sensations  by  signs,  for  if  he  withdraws  the  tongue  to  speak, 
the  material  gets  widely  spread.  The  more  concentrated  the 
solution,  and  the  larger  the  surface  acted  on,  the  more  intense  is 
the  taste ;  some  tastes  are  perceived  more  rapidly  than  others, 
saline  tastes  the  most  rapidly  of  all.  The  best  temperature  of 
the  substance  to  be  tasted  is  from  10°  to  35°  C.  Very  high  or 
very  low  temperatures  deaden  the  sense. 

It   is   possible   by  chewing   the    leaves   of   an    Indian    plant 
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(Gymnema   sylveetre)   to   do  away  with   the    power  ol 
bitters  and  sweets,  while  the  tast€  for  acids  and  flalt« 

The  delicacy  of  tlie  ^nse  of  taate  ia  aufBcient  to  discern  i  pan 
of  sulphuric  A^^[d  m  r.ooo  of  water*  The  aeose  may  be  imprtjv>; 
by  practicOi  aa  in  professional  tea- tasters. 

Smell. 

Here  agfatn  we  Hhall  take  anatomical  considerations  befun 
studying  tlie  physiology  of  the  sense  of  smelL 

The  naaal  cavities  are  divided  into  three  district* : — 

(a)  RegfU}  veMihmlaTiM;  tlm 
is  the  entrance  to  the  cantj; 
it  is  lined  with  a  mucous  mat 
brane  closely  resemblmg  tbi 
skin,  and  contains  hain  (ti 
lirm^t)  with  sebaceous  glaodi. 
(6)  M^^io    re^ratm^a  b- 
eludes  the  lower  meatus  of  ti* 
nose,  and  all  the  rert  of  tin 
nasal  passages  except  (c);  iti 
mucoua  membrane  is  ooref^ 
by  ciliated   epithelium.    TTm 
coriura   is   thick  and  conaiH 
of  fibrous  connective-tissue;  ii 
contains  a  certain  numb^  gf 
tubular    mucous    and   sefDoi 
glauds> 
(c)   Beffto  Qljhcton\   includes  tlie  anterior   two-thirds  of  tk 
superior  meatus,  the  middle  meatus,  and  the  upper  half  of  rht 
septum  nasi.     It  in  considerably  larger  in  animals  like  the  dpg, 
with  a  keener  seiiee  of  smell   than   we  possess.      It  consists  of 
a  thicker  mucous  membrane  than  in  (6),  miide  up  of  loose  areoUr 
connective-tissue    covered   by    epithelium  of    a  special    variety, 
resting  upon  a  basement  membrane.     The  cells  of  the  epithebum 
are  of  sevenil  kinds  : — first,  columnar  cells  not  ciliated  (fig.  5 18,  i<), 
with  the  broad  end  at  the  surface,  and  below  tapering  into  ao 
irregular  branched  process  or  processes,  the  terminations  of  whidi 
pass  into  the  next  layer  :  the  second  kind  of  cell  (fig.  5 1 8,  r)  consists 
of  a  small  cell  body  with  large  spherical  nucleus,  situated  between 
the  ends  of  the  first  kind  of  cell,  and  sending  upwards  a  process  to 
the  surface  l)etween  the  cells  of  the  first  kind,  and  from  the  other 
pole  of  the  nucleus  a  process  towards  the  corium.    The  latter  pro- 
cess is  very  delicate  and  may  .be  varicose.      The  upper  procen 
is  prolonged  l>eyoud  the  ^urtace^  ^bere  it  becomeB  stiff,  and  in 


Rg.  «8.— Cellii  from  thfl  otfftcturj  Kgiffliof 
the  rabliit.  k,  siipportinijar  eel  In;  n  ^t 
olf actorijil  «lk :,  /,  cilLBt4?cl  <«ll ;  f, 
dlia-like  prtjoowefl:  h^  mIIi  fromBow^ 
man's  gliind,     (Stulir.) 
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^gomo  attimala,  like  the  frr>^  ia  pnorided  with  hairs.     Tkese  cella, 
r  wbkh  are  called  oi/mtfjrtai  ceUi^  are  numerouu,  and  the  Duolei  of 


I  J^if,  5f9H~X4grrefl  of  the  iieptiifn  tuud,  aocu  froui  the  ti^ht  idAo^  ^*^-h  tb&  oUactnrjf  bulb; 
tf  tW  olfactury  n erven  pMaini^  thruugh  Oio  fommuiA  of  the  GnbnlanD.  jt\mle^  uid  df!- 
■oaodin^  t^i  be  diMtnibq.ted  oa  the  Hoptum ;  a^  the*  int^mni  or  fioptnl  twsg  of  Ujb  oanal 
Ismtlcb  of  the  ophthuJpilp  qvtxb  ;  j,  tmBu-palutine  nervea.  [Fnym  Ba^ipefpOh^  Hirsch- 

J  the  oellfl  not  heitig  on  the  same  level,  a  comparatively  thick  nucle&r 
I  layer  is  the  result  (fig.  550),    In  the  conum  are  a  number  of  serous 
I  gland  B  cal  I  ed  Bo w  mail  'b  glaudii .    Th  ey 
I  open  upon  the  surf  ace  hj  fine  ducta  f"*^ --  ■  " 

passing  up  between  the  epithelium 

celb. 
I       Tlie  distributtpn  of   the   olfactory 
*  nerves   which    penetrate    the   cribri- 
form plate  of  the  ethmoid  bono  and 

pass  to  this  region  of  the  nasal  mu- 

eons  membrane  h  shown  in  hg,  519. 

The  nerve-fibres  are  eonttnnouB  with 

the  inner  |jroceai*e»  of  the  cells  we 
p  liave  termed  olfac tonal ;  the  columnar 
^  eel  Is  between  these  act  as  Bupport^  to 

them. 

The  otfacU>rt/  tra^t  is  an  out  grow  lb 
rof  the  brain  wljich  was  originally  hol- 
low, and  remains  so  in  many  luiimals^ 

in  man  the  cavity  is  obliterated,  and 

the  centre  is  occupied  by  nenroglia  : 

outside  this  the  white  fibres  lie,  and 

a  thin  superficial  layer  of  neuroglia  covers  these.    The  three  "roots" 


tion  thi-oii^h  thei  alfAdtory  mu* 
ocjiis  membra  lie  of  the  aew-bom 
child,  ft.  non-niideiur :  ftod  i, 
iiudfwtf;^  piittititiA  fit  w  epl- 
tbdiiim;  c,  nerve*;  fld^  Bow- 
maa'i  glnnt^.    fU.  Schultae.J 
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of  the  olfactory  tract  have  been  traced  to  the  uncinate  gyms  nuunlj 
of  the  same  side  of  the  brain.  This  is  the  region  of  the  bram  expeti- 
mentally  found  to  be  associated  with  the  sense  of  smell  (see  p.  663). 
The  olfactory  bulb  has  a  more  complicated  structure;  above  tbore 
is  first  a  continuation  of  the  olfactory  tract  (white  fibres  euclosiiig 
neuroglia)  ;  below  this  four  layers  are  distinguishable ;  they  are 
shown  in  the  accompanying  diagram  from  Ramon  y  Cajal's  work, 
the  histological  method  used  being  Golgi's. 


Fig.  sax.— Nervous  mechanism  of  the  olfactory  apparatus,  a,  hipolar  odls  of  the  olfsctorf 
apparatus  (Max  Schultze's  olfactorial  ceUs) ;  b,  olfactory  glomeruli ;  c,  mitral  edk ; 
D,  granule  of  white  layer  ;  e,  external  root  of  the  olfactory  tract :  f,  grey  matter  of 
the  sphenoidal  re^on  of  the  cortex ;  a,  small  cell  of  the  mitral  layer ;  6,  hasket  of  s 
glomerulus ;  c,  spmy  basket  of  a  grannie ;  «,  collateral  of  the  axis-cylinder  procesi  o( 
a  mitral  cell;  /,  collaterals  terminating  in  the  molecular  layer  of  the  frontal  and 
sphenoidal  convolutions :  g,  superficial  triangular  cells  of  the  cortex  :  A,  soppoitinf 
epithelium  cells  of  the  olfactory  mucous  membrane.    (Ramon  y  Cajal.) 

(i)  A  layer  of  white  fibres  containing  numerous  small  cells,  or 
^^ granules''  (d). 

(2)  A  layer  of  large  nerve-cells  called  "  mitral  ceUs  "  (c),  with 
smaller  colls  (a)  mixed  with  them.  The  axis-cylinder  processes  of 
these  colls  pass  up  into  the  layer  above  and  eventually  become  fibres 
of  the  olfactory  tract  E,  which  passes  to  the  grey  matter  of  the  base 
of  the  brain  F.    They  give  ofl' numerous  collaterals  on  the  way  («,/). 

(3)  The  layer  of  olfaHory  glomeruli  (b).  Each  glomerulus  is  a 
basket-work  of  fibrils  derived  on  the  one  hand  from  the  terminal 
arlwrisations  of  the  mitml  cells,  and  on  the  other  from  similar 
arborisjitious  of  the  non-medullated  fibres  which  form  the  next  layer. 

(4)  The  layer  of  olfactory  nerve-fibres, — These  are  non- 
medullated  ;  they  continue  upwards  the  bipolar  dfactory  eelU, 
or  as  we  have  already  tenned  them,  the  olfactorial  cells  of  the 
mucous  membnine. 

In  testing  a  patient's  sense  of  smell,  substances  like  musk  or 
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MsafoBtida  should  be  employed  ;  pungent  substances  like  ammonia 
affect  the  nerves  of  tactile  sense  (fifth  nerve)  more  than  the 
olfactory  nerves. 

The  sense  of  smell  is  excited  either  by  gaseous  or  very  finely- 
divided  solid  particles;  these  affect  the  terminations  of  the 
olfactorial  or  bipolar  cells  and  the  path  to  the  brain  of  the 
nervous  impulse  so  set  up  we  have  already  indicated.  Liquids, 
unless  they  are  volatile  (that  is,  give  off  vapours),  do  not,  as  a 
rule,  excite  the  sense ;  thus  Weber  could  not  smell  the  slightest 
odour  when  his  nostrils  were  completely  filled  with  water  con- 
taining eau-de-Cologne.  It  is  matter  of  common  experience  that 
odours  and  flavours  (which  are  really  odours)  cannot  be  perceived 
readily  when  the  amount  of  moisture  in  the  nose  is  increased,  as 
when  one  has  a  bad  cold. 

On  the  other  hand,  the  mucous  membrane  must  not  be  too 
dry ;  this  also  impairs  the  delicacy  of  the  sense.  The  delicacy 
of  the  sense  is  most  remarkable;  thus,  Valentin  calculates  that 
ioo»ooo  0^0  ^^  *  grain  of  musk  can  be  distinctly  smelt ;  and  even 
this  can  be  improved  by  practice,  as  in  certain  tribes  of  Indians. 

We  cannot  at  present  give  a  scientific  classification  of  odours ; 
the  only  possible  classification  into  pleasant  and  unpleasant  is  a 
matter  of  individual  education  and  taste  to  a  great  extent. 


CHAPTER  LIII. 

HEARING. 
Anatomy   of  the   Ear. 

The  Organ  of  Hearing  is  divided  into  three  parts,  (i)  the 
external,  (2)  the  middle,  and  (3)  the  internal  ear.  The  two  first 
are  only  accessory  to  the  third  or  internal  ear,  which  contains  the 
essential  parts  of  the  organ  of  hearing.  The  accompanying  figure 
shows  the  relation  of  these  divisions,  one  to  the  others  (fig.  522). 

External  Ear. — The  external  ear  consists  of  the  pinna  and 
the  external  avditory  nieattis. 

The  principal  parts  of  the  pinna  are  two  prominent  rims 
enclosed  one  within  the  other  (helix  and  antihelix),  and  enclosing 
a  central  hollow  named  the  concha;  in  front  of  the  concha 
is  a  prominence  directed  backwards,  the  tragus^  and  opposite 
to  this  one  directed  forwards,  the  antitragus.  From  the  concha, 
the  auditory  canal,  with  a  slight  arch  directed  upwards,  passes 
inwards  and  a  little  forwards  to  the  membrana  tympani,  to 
which    it  thus  serves  to  convey  the    vibrating  air.     Its  outer 
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part  consists  of  fibro-cartilage  continued  from  the  ooqcIia,  iti 
inner  part  of  bone.  Both  are  lined  by  skin  continuoius  with  thtt 
of  the  pinna  ;  the  skin  abo  extends  over  th*i  outer  part  of  iJit 
memhrana  tf/vipfinh  Towarda  the  outer  pitrt  of  the  canal  arc  fine 
hairs  and  fiehaceous  glands,  while  deeper  in  the  canal  are  «mi]l 


Fig.  ^22.— Diafirammatic  view  from  before  of  the  parts  composing  the  organ  of  bearing  ol 
the  left  doe.  The  t-emporal  bone  of  the  left  ride,  with  the  aoeompanying  soft  putiw 
has  been  detached  from  the  head,  and  a  section  has  been  carried  through  it  tru»> 
Tersely,  so  as  to  remove  the  front  of  the  meatus  extemus,  half  the  tympanic  tumt- 
brane,  the  upper  and  anterior  wall  of  the  tvmpanum  and  Eustachian  tube.  Hk 
meatus  intemus  has  also  been  ox)ened,  and  the  bony  labjrrinth  exposed  by  the  ranoral 
of  the  Burroundinff  parts  of  the  petrous  bone,  i,  the  pinna  and  lobe;  a,  meatoa 
extemus ;  2',  momorana  tympani ;  3,  cavity  of  the  tympanum  ;  \\  its  opening  back- 
wards  into  the  mastoid  cells ;  between  3  and  3',  the  cham  of  imall  bones ;  4,  Eut»> 
chian  tube ;  5,  meatus  intemus,  containing  the  facial  (uppermost)  and  the  auditorr 
nerves ;  6,  placed  on  the  vestibule  of  the  labsrrinth  above  the  fenestra  ovalis :  s,  spa 
of  the  petrous  bone ;  b,  internal  carotid  artery  ;  e,  styloid  process ;  d,  facial  nan 
issuing  from  the  stylo-mastoid  foramen  ;  <>,  mastoid  process ;  /,  squamous  pait  of  the 
bone  covered  by  integument,  &c.    (Arnold.) 

glands,  resembluig  the  sweat-glands  in  structure,  which  secrete  the 
ct^'umen  or  wax  of  the  ear. 

Middle  Ear  or  Tympanum. — The  middle  ear,  or  tympanum 
or  drum  (3,  fig.  522),  is  separated  by  the  memhrana  tympani  him, 
the  external  auditory  meatus.  It  is  a  cavity  in  the  temporal  bone, 
opening  through  its  anterior  and  inner  wall  into  the  Eustachian 
tube,  a  cylindriform  flattened  canal,  dilated  at  both  ends,  com- 
posed partly  of  bone  and  partly  of  elastic  cartilage,  and  lined  with 
nuK-ous  membrane,  which  forms  a  communication  between  the 
tyuipiuiuni    and  the  pharynx.      It  opens  into  the  cavity  of  the 

^aryux   just    behind    the   posterior   aperture   of   the   uoetrils. 
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The  cavity  of  the  tympanum  communicates  posteriorly  with  air- 
cavities,  the  mastoid  cells  in  the  mastoid  process  of  the  temporal 
bone  ;  but  its  only  opening  to  the  external  air  is  through  the 
Eustachian  tube  (4,  fig.  522).  The  walls  of  the  tympanum  are 
osseous,  except  where  apertures  in  them  are  closed  with  mem- 
brane, as  at  the  fenestra  rotunda,  and  fenestra  ovalis,  and  at  the 
outer  part  where  the  bone  is  replaced  by  the  membrana  tympani. 
The  cavity  of  the  tympanum  is  lined  with  mucous  membrane, 
the  epithelium  of  which  is  ciliated  and  continuous  through  the 
Eustachian  tube  with  that  of  the  pharynx.  It  contains  a  chain 
of  small  bones  which  extends  from  the  membrana  tympani  to  the 
fenestra  ovalis. 


Fig.  523.— The  hammer- 
bone  or  malleus,  seen 
from  the  front,  i,  the 
head;  2,  neck;  3, 
short  process ;  4, 
handle.    (Sohwalbe.) 


Fig.  524.  —The  iiieuis  or  anvil-bone. 
I,  body ;  2,  ridged  articulation 
for  t^e  malleus;  4.  processus 
brevis,  with  5,  rougn  articular 
mirface  for  ligament  of  incus; 
6,  procesBUM  magnus,  with  articu- 
lating surface  for  stapes ;  7.  nu- 
trient foramen.    (Schwalbe.) 


Fig.  525.— The  stapes,  or 
stirrup-bone,  i,  base ; 
2  and  3,  arch :  4,  head 
of  bone,  which  articu- 
lates with  orbicular 
process  of  the  incus; 
5,  constricted  part  of 
neck;  6,  one  of  the 
crura.    (Schwalbe.) 


The  tnembrana  tympani  is  placed  in  a  slanting  direction  at  the 
bottom  of  the  external  auditory  canal,  its  plane  being  at  an  angle 
of  about  45^  with  the  lower  wall  of  the  canal.  It  is  formed 
of  tough  and  tense  fibres,  some  nuining  radially,  some  circu- 
larly ;  its  margin  is  set  in  a  bony  groove ;  its  outer  surface  is 
covered  with  a  continuation  of  the  cutaneous  lining  of  the 
auditory  canal,  its  inner  surface  with  the  mucous  membrane  of 
the  tympanum. 

The  ossicles  are  three  in  number ;  named  malleus,  incus,  and 
stapes.  The  malleus,  or  hammer-bone,  has  a  long  slightly- 
curved  process,  called  its  handle,  which  is  inserted  between 
the  layers  of  the  membrana  tymi)ani ;  the  line  of  attachment 
is  vertical,  including  the  whole  length  of  the  handle,  and 
extending  from  the  upper  border  to  the  centre  of  the  membrane. 
The  head  of  the  malleus  is  irregularly  rounded ;  its  neck,  or  the 
line  of  boundary  between  the  head  and  the  handle,  supports  two 
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Tig.  526. — ^Interior  view  of  the  tympanum,  with 
membrana  tympani  and  bones  in  natural 
position.  I,  Membrana  tympani ;  2,  Eusta- 
chian tube ;  3,  tensor  tym^m  muscle ;  4,  lig. 
mallei  ester. ;  5,  lig.  mallei  super. ;  6,  diorda- 
tympani  nerve;  1,  b,  and  e,  sinuses  about 
ossicles.    (Schwalbe.) 


processes  :  a  short  conical  one,  which  receives  the  insertioii  of  the 
tensor  tympany  and  a  slender  one,  processus  gracilis^  which  extends 

forwards,  and  is  attached 
to  the  wall  of  the  cayitj 
at  the  Glaserian  fissureL 
The  incuSj  or  anvil-hone, 
shaped  like  a  bicuspid 
molar  tooth,  is  articulated 
by  its  broader  part^  corre- 
sponding with  the  soriaoe 
of  the  crown  of  the  tooth, 
to  the  malleus.  Of  its  two 
fang-like  processeB,  ODe, 
directed  backwards,  has  a 
free  end  lodged  in  a  de- 
pression in  the  mastoid 
bone ;  the  other,  curved 
downwards,  longer  and 
more  pointed,  articulates 
by  means  of  a  roundish 
tubercle,  formerly  called  as  orbiculare,  with  the  stapeSy  a  little 
bone  shaped  exactly  like  a  stirrup,  of  which  the  base  or  bar  fits 
into  the  membrane  of  the  fenestra  ovalis.  To  the  neck  of  the 
stapes,  a  short  process,  corresponding  with  the  loop  of  the  stirrup^ 
is  attached  the  stapedius  muscle. 

The  bones  of  the  ear  are  covered  with  mucous  membrane 
reflected  over  them  from  the  wall  of  the  tympanum ;  and  are 
movable  both  altogether  and  slightly  one  upon  the  other.  The 
malleus  moves  and  vibrates  with  every  movement  and  vibration  of 
the  membrana  tympani,  and  its  movements  are  communicated 
through  the  incus  to  the  stapes,  and  through  it  to  the  membrane 
closing  the  fenestra  ovalis. 

The  muscles  of  the  tympanum  are  two  in  number.  The  tensor 
tympani  arises  from  the  cartilaginous  end  of  the  Eustachian 
tube  and  the  adjoining  surface  of  the  sphenoid  and  from  the 
sides  of  the  canal  in  which  the  muscle  lies ;  the  tendon  of  the 
muscle  bends  at  nearly  a  right  angle  over  the  end  of  the  pro- 
cessus cochleariformis  and  is  inserted  into  the  inner  part  of  the 
handle  of  the  malleus.  The  Stapedius  is  concealed  within  a  canal 
in  the  bone  in  front  of  the  aqueductus  FallopiL  The  tendon 
issues  from  the  aperture  of  this  canal  and  is  inserted  into  the 
neok  of  the  stapes  posteriorly. 

The  Internal  Ear. — The  proper  organ  of  hearing  is  formed 
hy  the  distribution  of  the  auditory  nerve  within   the  internal 
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ear»  or  ialprinth^  a  set  of  cavities  within  the  petrous  portion  of 
^the  temporal  bone.  The  botie  which  forma  the  walla  of  theaa 
ftvities  is  deuser  thn.ti  that  arotJtid  it;  and  form^  the  omsou* 
Ut^nth  ;  the  membrane  within  the  cavities  forms  the  mem- 
t}U9  labyrmth.  The  mem  bran  oub  labyrinth  contains  a  fluid 
^oiHed  emiol^mph ;  while  outside  it,  between  it  and  the  osseone 


I 


f.jS*?."  Eight  bonj'  tabyi^tli,  vieFWvd 
mm  the  crater  side.    The  ipeE±nea 

mting  piecemeal  the  loutter  fltibstApo? 
of  tho  piQtraitB  bone  fnna  the  dciue 
walk  which  tmmediAtetj  enf  lew?  U\e 
l&bjTinth.  J,  tbe  Twtihale  ;  a,  fen- 
cAtnL  dTiLlii ;  3,  mneficir  Bcinli.'irtmlai 
eaanl;  4/hoTU(iiitaI  or  extern  &!  canid; 
St  pMtoriot  cftn«l ;  •,  &nipulli«  lyf  the 
semicirculmr  (anaLs ;  6,  Onit  turn  of 
tlieeoclJeiti  7,  wvoad  tuxn ;  5,  npex; 
Dr  fenntn  ntoxidA.  The  smiLllcir 
Sstirf  in  outline  below  showi  the 

tiAtuiiLl  Hixfh,    ^,    (Bdnuncriiig'.) 


Stg.  sifi.— Vkw  of  the  mCerior  of  the  left 
kbyrinth,  Th*  bony  w»U  of  the  Ubj-- 
rinth  in  r«EU>T¥d  HU^eriorlj  aud  i?xtec* 
UAlly,  I,  fpvPH  h?mitlliptic3. ;  j,  forea 
hemJffpbf^ritA ;  1,  t-ominuti  operdng  of 
the  Brtiperior  emd  porttoriur  ««>mioireuIftr 
c&daIb  ;  4,  opening  of  the  bQnednct  of 
tbie  TBstihiile;  5^,  the  imperior;  6,  tbe 
IKMteHar,  uid  7^  tlie  eictemal  inniclr- 
onlair  caiiala^  i,  spiml  tube  at  the 
OocbleiL  l^iHxlii  ^riopftDi) ;  9,  optmng  of 
l^e  iquedudt  of  the  cocblaa  ;  id,  nlnced 
on  the  lamina  spiralis  in  the  scaU  t«»* 

tftrali.    •** 
1 


(SunuDenng.} 


labyrinth,  m  a  fluid  called  pt^lymph.  Tliia  fluid  is  not  pure 
lymph,  as  it  contains  mucin. 

The  oeseous  labyrintli  eonsista  of  three  principal  parts, 
namely  the  vf^tihukj  the  corhka,  and  the  semkirtidar  camds. 

The  veslibtiie  is  the  middle  cavity  of  the  labyrinth,  and  the 
central  organ  of  the  whole  auditory  apparatus^  It  presents,  in 
its  inner  wall,  several  opeuings  for  the  entrance  of  the  divisions 
of  the  auditory  nerve  j  m  its  outer  wall,  the  fertatra  &valii 
(a,  fig.  527),  an  opening  filled  by  membrane  in  which  i» 
inserted  the  base  of  the  stapes  ;  in  its  posterior  and  superior 
wails,  five  openings  hy  which  the  s^ticircular  canah  com- 
municate with  it :  in  its  anterior  wall,  an  opening  leading  into 
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The  cochlea  (6,  7,  8,  fig.  527,  and  8,  fig.  528),  a  small  01 
shaped  like  a  suail-shell,  is  situated  in  front  of  the  vestibule,  its- 
base  resting  on  the  bottom  of  the  internal  meatus,  where  som*- 
apertures  transmit  to  it  the  cochlear  filaments  of  the  auditor — • 
nerve.  In  its  axis,  the  cochlea  is  traversed  by  a  conical  columi 
the  modiolus,  around  which  a  spiral  canal  winds  with  two  t 
and  a  half  from  the  base  to  the  apex.  At  the  apex  of  the  cochl 
the  canal  is  closed ;  at  the  base  it  presents  three  openiogs, 
which  one,  already  mentioned,  communicates  with  the  yestibul 
another,  called  fenestra  rotunda^  is  separated  by  a  membrane  fi 
the  cavity  of  the  tympanum  ;  the  third  is  the  orifice  of 
aquasductus  cochleae^  a  canal  leading  to  the  jugular  fossa  of 
petrous  bone.  The  spiral  canal  is  divided  into  two  passages, 
scake  (staircases),  by  a  partition  formed  partly  of  bone,  t^ 
lamina  spiralis,  connected  with  the  modiolus,  and  partly  of 
membrane  called  the  Ixisilar  memhrane. 

The  Membranous  Labyrinth. — The  membranous  lab^^riiK 


Yig,  539.— Diagrum  of  the  right  luembrunoua  labyrinth.  U,  utricle,  into  whidk  Um  tl»: 
semicircular  canaltt  ox>en  ;  8,  aarcule,  communicatiDfr  with  the  cochlea  (C)  by  C.  1 
the  canaliH  reunienH,  aud  with  the  utricle  bv  a  canal  havinf^  on  it  an  enlArj^voMBt,  < 
saccu8  endolymphaticuH  [  S.K.) .  The  black  shading  reprenentit  the  places  of  tennbiaia 
of  the  audit<j>r>-  ntTvc.  namely,  in  the  mafulpr;  f»f  the  utricle  and  saccule;  the  criiUi^  ^^ 
the  ampullar}'  en(l«  of  tht;  three  semicircular  canals  ;  and  in  the  whole  length  of  ^■•^^ 
canal  of  the  cochlea.     (Aft<;r  Scliiifer.) 

corresponds  jjccnerally  with  the  form  of  the  osseous  labyrinth,  so  f^^ 
as  regards  the  vestibule  and  semicircular  canals,  but  is  separat^^ 
from  the  walls  of  these  parts  bv  perilymph,  except  where  the  nerr^* 
enter  into  connect  ion  within  it.    The  labyrinth  is  a  closed  membraO* 
containing  enclolyniph,  which  is  of  much  the  same  composition  **^ 
perilymph,  but  contains  less  solid  matter.     It  is  somewhat  visciA 
as  is  the  perilymph,  and  it  is  secreted  by  the  epithelium  lining  its 
cavity ;  all  the  sonorous  vibrations  impressing  the  auditory  ncrrefi 
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in  these  parts  of  the  internal  ear,  are  conducted  through  fluid  to 
a  membrane  suspended  in  and  containing  fluid.  In  the  cochlea, 
the  membranous  labyrinth  completes  the  septum  between  the 
two  iccUoiy  and  encloses  a  spiral  canal,  previously  mentioned, 
called  the  canalis  cochlear  (fig.  530).  The  fluid  in  the  sccUce  of 
the  cochlea  is  continuous  with  the  perilymph  in  the  vestibule  and 
semicircular  canals.  The  vestibular  portion  of  the  membranous 
labyrinth  comprises  two  communicating  cavities,  of  which  the 
larger  and  upper  is  named  the  utricle ;  the  lower,  the  saccule.  They 
are  lodged  in  depressions  in  the  bony  labyrinth,  termed  respectively 
fovea  hemidliptica  and /ov^a  heniispherica.  The  membranous  semi- 
circular canals  open  into  the  utricle  ;  the  canal  of  the  cochlea 
opens  by  the  canalis  reuniens  into  the  saccule.  The  accompanying 
diagram  (fig.  529)  gives  the  relationship  of  all  these  parts  to  one 
another. 

Auditory  Nerve. — All  the  organs  now  described  are  provided 
for  the  appropriate  exposure  of  the  filaments  of  the  auditory 
nerve  to  vibrations.  It  enters  the  bony  canal  (the  meatus 
auditorius  intemus),  with  the  facial  nerve  and  the  nervus  inter- 
medins, and,  traversing  the  bone,  enters  the  labyrinth  at  the 
angle  between  the  base  of  the  cochlea  and  the  vestibule,  in  two 
divisions ;  one  for  the  vestibule  and  semicircular  canals,  and  the 
other  for  the  cochlea. 

There  are  two  branches  for  the  vestibule,  one,  superior,  dis- 
tributed to  the  utricle  and  to  the  superior  and  horizontal  semi- 
circular canals,  and  the  other,  inferior,  which  arises  from  the 
cochlear  nerve,  ends  in  the  saccule  and  posterior  semicircular 
canal.  Where  the  nerve  comes  in  connection  with  the  utricle 
and  saccule,  the  structure  of  the  membrane  is  modified  and  the 
places  are  called  maculce  accmsticce.  At  the  ampullae  of  the  semi- 
circular canals,  too,  the  structure  is  altered,  becoming  elevated  into 
a  ridge,  which  projects  into  the  interior  of  the  cavity,  forming  the 
crista  acoustica.  The  distribution  of  the  rest  of  the  cochlear  nerve 
occurs  along  the  whole  length  of  the  canal  of  the  cochlea. 

The  structure  of  the  membranous  canals  has  been  given  in 
Chapter  XLIX.,  so  we  can  pass  at  once  to  the  cochlea. 

This  is  best  seen  in  vertical  section ;  the  cavity  is  divided  into 
two  scalse,  partly  by  bone  (the  spiral  lamina),  partly  by  mem- 
brane (the  basilar  membrane) ;  the  other  end  of  the  basilar 
membrane  is  attached  to  the  bone  by  a  ligau.cnt  (the  spiral 
ligament),  formerly  supposed  to  be  a  muscle  (Bowman's  muscle) ; 
the  two  spiral  staircases  or  seal  a)  are  named  scala  vestibuli  and 
scala  tympani  (fig.  531).  At  the  apex  of  the  cochlea,  the  spiral 
lamina  ends  in  a  small  hamulus  the  inner  and  concave  part  of 
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Tig.  ^io.—Yiem  of  the  ofweoiu  cochlea 
divided  through  the  middle,  i,  cen- 
tral canal  of  the  modiolus ;  2,  lamina 
BpiraliB  oesea :  3,  scala  tjrmpani ;  4, 
scala  vestihuli;  5,  porous  substance 
of  the  modiolus  near  one  of  the  sec- 
tions of  the  canali^  spiralis  modioli. 
f.    (Arnold.) 


which,  being  detached  from  the  summit  of  the  modiolus,  leayeg  a 
small  aperture  named  the  helicotremoy  by  which  the  two  acalse, 
separated  in  all  the  rest  of  their  length,  communicate. 

Besides  the  scala  vestihuli  and  scala  tjmpani,  there  is  a  third 

space  between  them,  called  tcala 
media  or  canal  of  the  ooehUa 
(CC,  fig.  531).  In  section  it  is 
triangular,  its  external  wall  being 
formed  by  the  wall  of  the  oo- 
chlea,  its  upper  wall  (separating 
it  from  the  scala  vestihuli)  by 
the  membrane  of  Reissner,  and 
its  lower  wall  (separating  it  from 
the  scala  tympani)  by  the  badkr 
membrane,  these  two  meeting  at 
the  outer  edge  of  the  bony 
lamina  spiralis.  Following  the 
turns  of  the  cochlea  to  its  apex, 
the  scala  media  there  terminates  blindly ;  while  towards  the  base 
of  the  cochlea  it  is  also  closed  with  the  exception  of  a  very 
narrow  passage  (canalis  reuniens)  uniting  it  with   the  saccule. 

The  scala  media  (like 
the  rest  of  the  mem- 
branous labyrinth) 
contains  endolympk 
Organ  of  CortL-^ 
Upon  the  basilar  m^n- 
brane  are  arranged 
cells  of  various  shapes. 
About  midway  be- 
tween the  outer  edge 
of  the  lamina  spiralis 
and  the  outer  wall  of 
the  cochlea  are  situ- 
ated the  rods  of  Cortu 
Viewed  sideways,  they 
are  seen  to  consist  of 
an  external  and  in- 
ternal pillar,  each  ris- 
ing from  an  expanded 
foot  or  base  attached 
to  the  basilar  membrane  (o,  w,  fig.  532).  They  slant  inwards 
towards  each  other,  and  each  ends  in  a  swelling  termed  the  head ; 
the  head  of  the  iimer  pillar  overlies  that  of  the  outer  (fig.  532) 


Pig.  531— Section  through  one  of  the  coils  of  the  cochlea 
(dia^n^ammatic).    ST,  ticala  tympani ;  8Vy  scala  ves- 


tibuli ;  C-C,  canalis  cochlete  or  canalis  membranaoeus ; 
H,  membrane  of  Reissner  j  ho,  UTniTui.  spiralis  ossea ; 
Us,  limbuj)  laminae  spiralis ;  ss,  sulcus  spiralis ;  ne, 
cochlear  nerve  ;  ^.«,  ganglion  spirale ;  <,  membrana 
tectoria  fbelow  the  membrana  tectoria  is  the  lamina 
reticularis)  ;  b,  membrana  basilaris  ;  Co^  rods  of  Corti ; 
Up,  ligamentum  spirale.    (Quain.) 
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Each  pair  of  pillars  forma  a  pointed  roof  an^hing  over  a  space,  and 
bj  a  sacceasion  of  them  a  turmel  is  fonnefl. 

There  are  about  3,000  of  these  pairs  of  pillars,  in  proceeding 
fiiom  the  base  of  the  cochlea  towards  its  ap^jx.  They  are  found 
progressively  to  increase  in  length,  aod  become  more  oblique ;  in 
other  words  the  tunnel  becomes  wider,  but  diminishes  in  height 
fis  we  approach  the  apex  of  the  eocbleiu  Leaning  agaiuat  those 
external  and  internal  pillars  are  certain  other  eeUs,  called  hair^ 
eff//*,  which  terminate  in  small  hair-like  procet^ses*  There  are 
aareral  rows  of  these  on  the  outer  and  one  row  on  the  inner  «idev 
Between  them  are  certain  supporting  cells  called  cf^lh  of  Deitirtt* 


.  5J^^ — Yertiad  leotioii  of  ihe  organ  of  Cinti  from  the  dO|r*  i  to  x.  Iiomagiiiieoiiji 
layer  ot  th*  metabnum.  basiluiA ;  *»  vefltibiila.T  l&\*w ;  v,  i^inpwml  lAyeit  with 
"^  '  uid  protapIuDi ;  a,  pralongaticra  of  tftupan&l  perfovteuni  of  Lamina  ifpinilSM 
,  ^  tluoIteDed  eommeEUKiiieDt  of  th«  meuibnina  Wnkm  nt^m-  the  pcnat  of  per- 
ftmtum  of  the  norm  k  ^  d.  blood-Teasel  {vas  ipltule) ;  f,  bltK)d''i«iMe] ;  /,  tictTtit ; 
#,  the  epithetiuin  of  ^le  itLUma  ipiimUa  inlaniuit ;  i,  interBA]  balr-a£ll,  with  bual 
ftrooeaa  A,  vntrvktnded  with  midd  and  protopJaaci  (at  th*  yrtimilar  l*rerj,  into  which 
the  nerre-^brea  imdiata;  l^  hairii  of  the  mt«fti&l  htur-4«U ;  n,  hue  or  foirt  of  itmer 
ptUiia-  of  QtKKO.  0t  CoTti ;  wtj  h^^H  at  tbt-  KBune  uxutiog  vith  the  rfiarnmHmdijci^  part  of 
an  eztemal  piUaTj  whanc  tind^  hidf  La  miHtu^,  while  the  next  pQlAr  hc^aqd.  Af 
ipmentii  both  middle  portion  and  haae  \  e  *  d*  three  extenul  hiur-celut  \  I,  bosei  of  nni 
ncsighhciuriiig  linir  ox  tufted  o^U^ ;  z,  supporting  eell  of  Beiteti ;  w,  tverre^flbTe 
arboiiahivroand  the  hivt  of  Uie  extemal  huv^ooUi ;  J  f  to  f ,  lamlnA  fetaeul«rit» 
)C  800,    (W*ld*yeT.) 


Most  of  the  above  details  are  shown  in  the  accompanying  figure 
(fig,  532),  This  structure  rests  upon  the  basilar  membrane;  it 
is  roofed  in  hy  a  fenestrated  membrane  or  lamina  reticularis  into 
the  feneetrie  of  which  the  tops  of  the  various  rods  and  cells  are 
received.  When  vieweii  from  above,  the  organ  of  Corti  shows  a 
remarkable  reiemblance  to  the  key-board  of  a  piano.  The  top  of 
the  organ  is  roofed  bj  the  m^nii^rana  tfctorin  (fig,  531,  t)  that 
extends  from  the  end  of  the  limbns  (fl%  fig.  531),  a  eonneetive- 
tisaue  structure  ou  the  spiral  lamina.  In  close  relation  with  the 
hair-cells  which  form  the  auditory  nerve  epithelium,  are  filaments 
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of  the  auditory  nerve.  These  are  derived  from  the  coehlev 
division  already  mentioned.  This  passes  up  the  axis  of  the 
cochlea,  and  in  its  course  gives  off  fibres  to  the  lamina  spiralis. 
These  fibres  are  thick  at  their  origin,  but  thin  out  peripherally, 
and  containing  bipolar  ganglion  cells  form  the  ganglion  ipiraU. 
Beyond  the  ganglion  at  the  edge  of  the  lamina  the  fibres  pass  up 
and  become  connected  with  the  organ  of  Corti,  arborising  around 
the  hair-cells. 

Physiology  of  Hearing. 

Sounds  are  caused  by  vibrations ;  when  a  bell  or  a  piano-string 
is  struck,  it  is  thrown  into  a  series  of  rapid  regular  vibrationB ; 
the  more  rapidly  the  vibrations  occur  the  higher  is  the  pitch  of 
the  musical  note,  that  is,  it  is  shriller.  The  vibrations  are  trans- 
mitted as  waves  through  the  air,  and  ultimately  affect  the 
hair-cells  at  the  extremities  of  the  auditory  nerve  in  the  cochlea. 
The  semicircular  canals  are  not  concerned  in  the  sense  of  hearing ; 
their  function  in  connection  with  equilibration  is  described  in 
Chapter  XLIX.  The  external  and  middle  ears  are  conducting; 
the  internal  ear  is  conducting  and  receptive.  In  the  external  ear 
the  vibrations  travel  through  air;  in  the  middle  ear  through 
solid  structures — membranes  and  bones ;  and  in  the  internal  ear 
through  fluid,  first  through  the  perilymph  on  the  far  side  of  the 
fenestra  ovalis ;  and  then  the  vibrations  pass  through  the  basilar 
membrane,  and  membrane  of  Reissner,  and  set  the  endolymph  of 
the  canal  of  the  coohlea  in  motion. 

This  is  the  normal  way  in  which  the  vibrations  pass,  but  the 
endolymph  may  be  afiected  in  other  ways,  for  instance  through 
the  other  bones  of  the  head  ;  one  can,  for  example,  hear  the  ticking 
of  one's  watch  when  it  is  placed  between  the  teeth,  even  when  the 
ears  are  stopped.  From  this  fact  is  derived  a  valuable  practical 
method  of  distinguishing  in  a  deaf  person  what  part  of  the  organ 
of  hearing  is  at  fault.  The  patient  may  not  be  able  to  hear  a 
watch  or  a  tuning-fork  when  it  is  held  close  to  the  ear ;  but  if  he 
can  hear  it  when  it  is  placed  between  his  teeth  or  on  his  forehead, 
the  malady  is  localised  in  either  the  external  or  middle  ear ;  if  he 
can  hear  it  in  neither  situation  it  is  a  much  more  serious  case, 
for  then  the  internal  ear  or  the  nervous  mechanism  of  hearing  is 
at  fault. 

In  connection  with  the  external  ear  there  is  not  much  more  to 
be  said ;  the  pinna  in  many  animals  is  large  and  acts  as  a  kind  of 
natural  ear-trumpet  to  collect  the  vibrations  of  the  air ;  in  man 
this  function  is  to  a  very  great  extent  lost,  and  though  there  are 
muscles  present  to  move  it  into  appropriate  postures,  they  are  not 
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tmder  the  control  erf  the  will  in  the  tnajorit»y  of  people,  and  are 

fuDctioDlGSB,  ancefitra!  vestiges, 

Jn  the  middle  ear,  however,  there  are  seveml  points  to  be 
ooDsidereiJ^  namely ,  the  action  of  the  membraoa  tympani,  of  the 
oHaicles,  of  the  tympanic  musclefi,  and  of  tlie  Eustachian  tube. 

Th^  Mfmhrana  Timpani. — This  membrane,  unlike  that  of 
ordinary  dnimH,  can  take  up  and  vibrate  in  response  to,  not  only 
its  own  fundamental  tone,  but  to  an  immense  pange  of  tones 
ditlering  from  each  other  by  as  much  as  seven  octaves.  This 
would  clearly  be  impossible  if  it  were  an  evenly  stretched 
membrane*  It  I8  not  evenly  nor  very  tightly  stretched,  but  owing 
to  its  attachment  to  the  chain  of  ossicles  it  is  slightly  funnel- 
shaped  :  the  ossicles  also  damp  the  continuance  of  the  vibrations. 
When  the  membrane  gets  too  tightly  stretched,  by  increase  or 
decrease  of  the  pressure  of  the  air  in  the  tympanum,  then  the 
muBe  of  hearing  is  dulled.  The  pressure  in  the  tympanic  cavity 
is  kept  the  same  as  that  of  the  atraosphei-e  by  the  Mnstctchitm 
Ltt«/xf,  which  leads  from  tije  cavity  to  the  pharynx  and  so  to  the 
eternal  air.  The  Eustachian  tube  ia  not,  however,  always  open; 
it  it  opened  by  tlie  action  of  the  tensar  pniafi  during  swallowing* 
■  Suppose  it  were  closed  owing  to  swelling  of  its  mucous  membrane — 
Hthis  often  happens  in  inflammation  of  the  throat — the  result 
^vwould  be  what  is  called  Eustachian  or  throat  d^afneu^  and  this  is 
^fcelieved  by  passing  a  catheter  so  aii  to  open  the  tube.  When  the 
tube  is  closed,  the  blood  in  the  vessels  of  the  tympanic  wall  takes 
up  Oivgen  from  the  imprisoned  air,  and  gives  oflT  carbonic  acid  in 

»«xchange ;  but  the  amount  of  carbonic  acid  given  out  is  leas  than 
the  amount  of  oxygen  removed,  so  that  the  total  quantity  of  gases 
within  the  tympanum  is  reduced,  and  its  pressure  conseqtiently 
becomes  less  than  that  of  the  atmosphere,  so  the  membrane  is 
cupped  inwards ;  it  is  this  increased  tightening  of  the  membrane 
that  produces  deafness.  There  is  also  an  accumnktion  of  mucus. 
When  one  makes  a  violent  espiratiou,  as  in  sneezing,  some  air  is 
often  forced  through  the  Eustachian  tube  into  the  tympanum. 
The  eara  feel  as  though  they  were  bulged  out,  as  indeed  the 
membrana  tympani  is,  and  there  is  again  partial  deafness,  which 
Benaations  are  at  once  relieved  by  swallowhig  so  as  to  open  the 
Eustachian  tube  and  so  re-establish  equality  of  pressure  once  niore. 
The  omcles  coQimunicAte  the  vibrations  of  the  membrana 
flpaui  (to  which  the  handle  of  the  malleus  is  fixed)  to  the 
nbrane  which  closes  the  fenestra  ovalis  (to  which  the  foot  of 
^tfee  st-apcs  is  attached)*  Thus  the  vibmtions  are  oommimicated 
to  the  fluid  of  the  internal  ear  which  is  situated  on  the  other  side 
of  the  oval  window. 
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The  following  diagram  will  assist  us  in  understanding  bow  tim 
is  brought  about.  The  bones  all  vibrate  as  if  they  were  one,  Uie 
slight  movements  between  the  individual  bones  being  inappre. 
ciable.  The  utility  of  there  being  several  bones  is  seen  when  the 
vibrations  are  excessive;  the  small  amount  of  ''give''  at  the 
articulations  is  really  protective  and  tends  to  prevent  fractures. 

The  handle  of  the  malleus  is  inserted  between  the  layers  of  the 
tympanic  membrane ;  the  processus  gracilis  (p.  g,)  has  its  end  A 
attached  to  the  tympanic  wall  on  the  inner  aspect  of  the  GlaseriaD 

fissure ;  the  end  B  of  the 
short  process  («.  p.)  of  the 
incus    is    fastened    by  a 
ligament   to   the   opposite 
wail  of  the  tympanic  cavity; 
the  end  D  of  the  long  pro- 
cess of  the  incus  articulates 
with  the  stirrup,  the  base 
of  which  is  turned  towards 
the   reader.      The   handle 
vibrates    with    the    mem- 
brana   tympani ;    and  the 
vibrations    of    the    whole 
chain  take  place  round  the 
axis  of  rotation  KR,    Every 
time  C  comes  forwards  D  comes  forwards,  but  by  drawing  per- 
pendiculars from  C  and  D  to  the  axis  of  rotation,  it  is  found  that 
D  is  about  \  of  the  distance  from  the  axis  that  C  is.     So  in  the 
transmission   of   the   vibrations    from  membrane  to  membrane 
across  the  bony  chain,  the  amplitude  of  the  vibration  is  decreased 
by  about  \^  and  the  force  is  correspondingly  increased.     The 
final  movement  of  the  stapes  is,  however,  always  very  small ;  it 
varies  from  -jV  to  less  than  ^^^^^^^  of  a  millimetre. 

The  action  of  the  tensor  tympani  by  pulling  in  the  handle  of 
the  malleus  increases  the  tension  of  the  membrana  tympani  It 
is  supplied  by  the  fifth  nerve.  It  is  opposed  by  the  strong 
external  ligament  of  the  malleus.  The  stapedius  attached  to  the 
neck  of  the  stapes  tilts  it  backwards.  It  is  supplied  by  the 
seventh  nerve. 

We  have  still  to  consider  the  use  of  the  fenestra  rotunda  ;  this 
is  closed  by  a  membrane,  and  its  action  is  to  act  as  a  vent  for 
the  vibrations  of  the  perilymph.  The  next  very  simple  diagram 
(fig.  534)  will  explain  how  this  happens. 

The  cochlea  is  supposed  to  be  uncoiled;  the  scala  vestibuli 
leads  from  the  fenestra  ovalis,  to  the  other  side  of  which  the 


Foot  of 
Stapes 


Fig.  533.— Diagrammatic  Tiew  of  ear  owiclee. 
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Stapes    m   attaohed ;   the  scala   tympani    loada  to  the  fenestra 

fotiuida ;  tlio  two  acalie  comruimicate  at  the  beliootremaj  and  are 

L  fiepamted  from  the  canal  of  the  cochlea  by  the  basilar  membrane, 

^Kind    the  membmtie  of  Reis^ner.     CR.   is  the  eanalia  renniena 

^■leading  to  the  saccule.     The  two  fiaalee  contain  perLtymph ;  the 

^Keanal  of  the  cochlea  contatna  eudolyoiph  which  is  set  in  vibration 

"  by  the   perilymph    throngh    the   membranes.     Every   time   the 

membrane  of  the  oval  window  is  bulged  in  by  the  stirrup,  the 

membrane  of  the  round  window  ia  bulged  out,  and  mce  ifersd. 

If  there  were  no  vent  in  this  way  the  propagation  of  vibrations 

through  the  fluid  would  be  imposaible. 

The  theories  in  oonnection  with  the  cochlea  are  two  in  number: 


f.Omift 


.r^ 


Scata    Veatibuii    fPenlymph) 


Scaia   Tympani   (Perilymph) 


fiilic&Utma 


F.  Rotunda 


I 


one  ia  Helmholtz'  piano  theory ;  the  other  is  the  telephone  theory 
of  Rutherford  and  Waller, 

The  Piano  Theory. — If  one  sings  a  note  in  front  of  a  piano, 
the  string  of  the  piano  that  emits  that  note  will  take  up  the 
vibration  and  answer;  another  note  will  elicit  an  answer  from 
another  string.  It  was  supposed  by  Helmholtz  that  there  is  an 
AoalogouB  arrangement  in  the  cochlea.  Different  parts  of  the 
organ  of  Corti  will  respond  to  different  notes  as  do  the  strings 
of  a  piano.  At  first  he  thought  it  was  the  rods  of  Corti  which 
acted  in  this  way,  but  when  it  was  shown  that  in  birds  there  are 
00  rods,  he  referred  it  to  the  different  fibres  of  the  basilar 
membrane.  This  ie  supported  by  the  fact  that  this  membrane 
moreasea  in  breadth  from  below  upwards ;  low  notea  will  set  in 
sympathetic  vibration  the  long  fibres  of  the  upper  part,  and  high 
notes  the  short  fibres  of  the  lower  part  of  the  organ. 

These  responsive  vibrations  extend  to  the  hair-cells  resting 
on  these  particular  portions  of  the  membrane,  and  give  rise  to 
excitations  which,  conducted  along  the  nerve-fibres  to  the  bmin, 
produce  different  auditory  sensations.  This  theory  therefore 
localises  the  analysis  of  sounds  in  the  cochlea.  The  memh^afia 
tectoria  acta  as  a  damping  mechaniam, 

Th^  Telephcmt  Theory. — Just  as  in  a  telephone  one  membrane 
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vibrates  in  response  to  a  sound  but  at  different  rates  for  different 
sounds,  so  in  this  theoiy  it  is  supposed  that  the  basilar  membrane 
vibrates  as  a  whole,  the  hair-oells  on  it  are  affected,  the  nerre 
impulse  travels  to  the  brain,  and  the  analysis  of  the  sound  occun 
there.  In  other  words,  the  basilar  membrane  acta  very  much  like 
the  membrana  tjmpani.  "  It  is  the  internal  drum-head,  repeating 
the  complex  vibrations  of  the  membrana  tympani,  and  vibrating 
in  its  entire  area  to  all  sounds — ^although  more  in  some  parts  than 
in  others — giving  what  we  may  designate  as  acoustic  prearore 
patterns  between  the  membrana  tectoria  and  the  subjacent  field 
of  hair-cells.  In  place  of  an  analysis  by  sympathetic  vibratkm 
of  particular  radial  fibres,  it  may  be  imagined  that  vaiying  com- 
binations of  sound  give  varying  pressure  patterns,  comparable 
to  the  varying  retinal  images  of  external  objects."     (Waller.) 

The  Rcmge  of  hearing  is  more  extensive  than  that  of  voice. 
Sounds  can  be  heard  that  are  produced  by  30  vibrations  per 
second,  up  to  those  caused  by  30,000  to  40,000  vibrations  per 
second ;  and  in  this  range  as  many  as  6,000  variations  of  pitch 
can  be  perceived,  or  about  twice  as  many  as  the  pairs  of  arches 
of  Corti.  Two  sounds  can  be  recognised  as  distinct  if  the  interval 
between  them  is  less  than  o'l  second,  a  fact  that  shows  us  the 
perfection  of  the  damping  as  well  as  of  the  vibrating  mechaniam. 

The  distinction  between  musical  notes  is  not  equally  obvioiu 
to  all  observers.  People  differ  a  good  deal  in  the  musical  element 
in  their  nature.  But  in  all  there  is  a  limit  to  the  perception  of 
high-pitched  notes.  In  Galton's  whistle,  one  has  an  instrument 
by  which  the  rate  of  vibration  of  the  air  which  produces  the 
sound  can  be  increased ;  it  gets  shriller  and  shriller,  and  at  last 
when  the  vibration  frequency  exceeds  30,000  or  40,000,  the 
sound  becomes  inaudible.  Probably  many  animals,  however,  are 
able  tx)  hear  much  higher  notes  than  we  can  detect. 

A  judgment,  by  the  sense  of  hearing  alone,  of  the  direction  in 
which  a  sound  comes,  is  always  most  imperfect. 
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VOICE    AND    SPEECH. 

Th»  fuudamental  totie«  of  the  voice  are  produced  hy  the 
ctUTent  of  expired  air  causing  the  "vibration  of  the  vocal  corda, 
two  elastic  bands  contained  in  a  cartilaginoui  box  placed  at  the 
I  top  of  the  wind-pipe  or  trachea*  This  box  is  called  the  larynx. 
The  sounds  produced  hero  are  modified  bj  other  parts  like  the 
tongue,  teeth,  and  lips,  as  will  be  explained  later  on. 

^V  The  c&rtila£#A  of  the  laryn^t  jin?  t?ie  thjTokl,  the  cricoid,  the  two  ary- 
tenoids.    These  are  the  most  iinportiint  for  voice  proiluctioji ;  they  are  made 
ji  hyaline  cartilage.    Then  there  are  the  epiglottiB,  two  t^omicular,  and  two 
neiform  cartilages.    Tbcac  lue  made  of  jrellow  fibro-(»rtilaga 


Anatomy  of  the  Larynx. 


OctrDu  mill. 


Odfinustip. 


ti^.  fsriocHthjr.  Ried. 


__^^m.  St^rao-hfrxjcleiiB. 


-Hi.  Tliyro-bfolditjft. 


11! »  Crieo-th|ToidEftr, 


<>rt.  tncheil«  <'- 


1%-  SJ5.^Thc  linyni,  (wi  nwa  from  the  fnint»  Bho^rt»srth«  carti]«po  and  lf((f«iii«it»H    The 
tniiAdes,  H'iui  th@  atc^ptlon  of  oa*]  cri^u-thitiuid,  are  cut  off  Hhott.    (Btocrk. ) 


The  thyrmd  cartilage  (flg^.  536,  t  to  4)  do^  not  form  a  complete  tmg 
around  the  laryax^  but  only  cover«i  the  front  |iortioa.  It  forms  the  pro- 
miuenc4*  in  frotit  of  the  thnmt  kiios^n  as  Adnra's  apple.  (#)  The  enrtyid 
canUage  (fig*  536^  5,  6),  on  the  other  hand,  is  a  cojuplete  ring;  the  hack 
part  of  the  rin^  is  oiuch  broader  than  the  froEt.     On  the  top  of  this 
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broad  portion  of  the  cricoid  are  (b')  the  arytenoid  cartilages  (fig.  536,  y)^ 
the  connection  between  the  cricoid  below  and  ar3rtenoid  caitflagei  abort 
is  a  joint  with  synovial  membrane  and  ligaments,  the  latter  pmnittioj 
tolerably  free  motion  between  them.  But  although  the  arytenokl  ctitflajM 
can  move  on  the  cricoid,  they  accompany  the  latter  in  all  its  movementi. 


Fig. 


.  536.— OartilaAes  of  the  larynx  seen  from  the  front,  x  to  4,  thyroid  etitflin' 
X,  Ybrtical  ri^  or  pomum  Adaxni ;  2,  right  ala ;  3,  saperior,  and  4,  inferior  eon 
of  the  right  side ;  5,  6,  cricoid  cartilage ;  ^,  ixwide  of  the  x>osterior  pacrt;  6,  astcriv 
luuTow  part  of  the  ring ;  7,  arytenoid  oaTtalageB.     x  f. 


The  comicular  cartilages,  or  cartilages  of  Santorini,  are  perched  on  tlie 
top  of  the  arytenoids  ;  the  cuneiform  cartilages,  or  cartilages  of  Wrisberg, 
are  in  a  fold  of  mucous  membrane ;  the  epiglottis  looks  like  a  lid  to  the 
whole  (tig.  537). 


Lag.  aij^-epiglalt. 


Cart.  Wrbberyil 
Cart.  SSautpriiLi 

Proc,  miUM  Li^ 

Lig.  ■  jiTO-ftTTteii- 
tig.  cerato-cri..i.T.  |K»t,  sup. 

Oomu  uifern 


Lig.  cerato-cntxi*  poet,  inf 


CkrL^adiHc 


^nmembimn. 


Fig.  5o7.- 


-The  larynx  as  seen  from  behind  after  remoTal  of  the  mnadM. 
and  ligaments  only  remain.    (Stoerk. ) 


Tlie  eaztilsga 


The  th\Toiil  cartilaije  is  connectetl  with  the  cricoid,  by  the  crioo-thyroid 
membraiio,  and  also  by  joints  viixh  synovial  membranes  ;  the  lower  wnuts 
of  the  thyroitl  clasp  the  cricoid  between  them,  yet  not  so  tightly  bat 
that    the    thyn.>id    am    revolve,   within  a   certain ' range,  aroood  an  axis 
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iBing  tranflreraelj  through  the  two  joints  at  which  the  cricoid  is  clasped, 
e  Tocal  Qoids  are  attached  behind  to  the  front  portion  of  the  haae 
Kad  process)  of  the  arytenoid  cartilages,  and  in  front  to  the  re-entering 
jle  at  the  back  of  the  thyroid ;  it  is  CYidentf  therefore,  that  all  move- 
nts of  either  of  these  cs^ilages  must  produce  an  effect  on  them  of 
oe  kind  or  other.  Inasmuch,  too,  as  the  arytenoid  cartilages  rest  on 
>  top  of  the  back  portion  of  the  cricoid  cartilage,  and  are  connected 
th  it  by  capsular  and  other  ligaments,  all  movements  of  the  cricoid 
tilage  must  move  the  arytenoid  cartilages,  and  also  produce  an  effect  on 
)  vooftl  cords. 

Muides, — The  muscles  of  the  larynx  are  divided  into  intrinsic  and  extrinsic. 
e  intrinsic  are  named  from  their  attachments  to  the  various  cartilages ; 
\  extrinsic  are  those  which  connect  the  larynx  to  other  parts  like  the 
old  bone. 

The  attachments  and  the  action  of  the  intrinsic  muscles  are  given  in  the 
lowing  table.    All  the  muscles  are  in  pairs  except  the  arytenoideus. 


BLB  OF  THE  BEVERAL  GROUPS   OF  THE  InTBINSIO  MUSCLES  OF  THE 

Larynx  and  their  Attachments. 


Obottp. 

MuscuB.                          Attachments. 

Action. 

I- 

duoton. 

Crico-aryte- 
noidei  pos- 
tici. 

A  pair  of  muscles.    Each  arises 
nom  the  posterior  surface  of 
the  corresponding  half  of  the 
cricoid  cartilage.    From  this 
depression  the  fibres  converge 
upwards  and  outwards  to  be 
inserted  into  the  outer  angle 
of  the  base  of  the  arytenoid 
cartilage   behind   the   crico- 
arytenoideus  lateralis. 

They  draw  in- 
wards and  back< 
wards  the  outer 
angle  of  aryte- 
noid cartilages, 
and  so  rotate 
outwards  the 
processus  voca- 
lis  and  widen 
the  glottis. 

and  III. 
Iducton 

lincten. 

Thyro  -  ary  - 
epiglottici. 

A  pair  of  muscles.    Flat  and 
narrow,  which  arise  on  either 
side  from  the  processus  mus- 
cularis  of  the  arytenoid  carti- 
lage, then  passing   upwards 
and  inwards  cross  one  another 
in  the  middle  line  to  be  in- 
serted into  the  upper  half  of 
the  lateral  border  of  the  oppo- 
site arytenoid  cartilage  and 
the  posterior  border  of  the 
cartiage  of  Santorini.    The 
lower  fibres  run  forwards  and 
downwards  to  be  inserted  into 
the  thyroid  cartilage  near  the 
commissure.     The  fibres  at- 
tached to  the  cartilage  of  San- 
torini are  continued  forwards 
and  upwards  into  the  ary-epi- 
glQttic  fold. 

Theyhelp  to  nar- 
row or  close  the 
rima  glottidis. 
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Qroup. 


II.  and  III. 
Adductors 

and 
Sphincters 


"!  MUSCLK. 


A  rvtciioide- 


ThjTo-aryte- 
iioidei. 


ATTACHMKSCn. 


A  single  muscle.  It  is  attached 
to  the  borders  of  the  arytenoid 
cartilages,  its  fibres  ninnin)f 
horizontallj  between  tlie  two. 


AcnoH. 


I  tdnwB  together 
the  aryteDoid 
cartilaga  ind- 
also  depientf 
them.  When 
the  muscle  is 
iwralysed,  the 
inter  •  cartiU  • 
ginoos  uart.t 
of  the  gwttb 
cannot  come 
together. 


A  pair  of  muscles.  Each 
may  be  further  divided  into 
two  layers,  internal  and  ex- 
ternal. The  external  fibres 
arise  side  by  Bi<le  from  the 
lower  half  of  the  internal  sur- 
face of  the  thyroid  cartilage, 
close  to  the  angle,  and  from  the 
fibrous  exi)an8ion  of  the  crico- 
thyroid membrane,  and  are 
inserted  into  the  latonil  bonier 
of  the  arytenoid  cartilage.  The 
inner  fibres  run  horizontally, 
to  be  attached  to  the  lower 
half  of  this  bonier,  ami  the 
outer  fibres  pass  obliquely  out- 
wards to  be  inserteil  into  the 
upi)er  half,  whilst  some  i>ass 
to  the  cartilage  of  Wrisberg 
and  the  ary -epiglottic  fold. 

The  internal  fibres  arise  inter- 
nally to  those  just  dewrribwl. 
and  running  parallel  to  and  in 
t  he  substance  of  the  vocal  conl 
are  attached  jKwteriorly  to  the 
processus  vocalis  along  its 
whole  length  and  to  the  adja- 
t.'ont  part  of  the  outer  surfac** 
of  the  arj'teuoid  cartilage. 


They  render  the 
vocal  coriU 
teiLse  and  rotate 
the  arytenui'l 
cartilagfs  *dJ 
approximate 
their  antcn««r 
angles  orvoeal 
I)roces8e5. 


('ri<'o-ai ytf-  i  .\  pair  of  muscles.  Tlioy  arise  They  approx'- 
I  noj.lri  hiti'.  !  on  either  side  from  the  middle  mate  the  v^-al 
'    ral«-.  third  of  tho  uppi'i  l>unler  of 

the  cricoid  cartihip?  and  are 
j  iiiscrte<l  into  tlu*  \Nh<»h'  ante- 
'  rior  muri^in  of  tin-  b.-iM*  of  th».- 
I  aiytciiniii  caitiia;:!'.  Some  of 
thrir  tiliif-;  join  tliu  tljyro-aiy- 
I     opij^lottiri. 


ci>rds  by  draw- 
ing the  proce* 
cus  mtt*«ulan* 
of  the  arytr- 
noi«l  cartiiakTi^ 
forwards  aii«l 
downwartUaiil 
so    rotate    the 

lis  inwanU. 
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MuacLi. 


ATTACHJ^fKJNTS. 


i  pair  of  fan-^h^peil  tn ancles 
attached  on  either  ai^ie  to  the 
oncoid  cartilagre  helow,  from 
the  mental  liti<!  in  front  tor 
n  early  one -ball  of  its  lateral 
circumference  backwards ;  the 
Bhrc^  pasfi  upward  a  and  out- 
wards to  ha  attacked  to  the 
lower  border  of  the  thjroKl 
cartil&gti  and  to  the  front 
border  of  iti  lower  comu. 


AcnoK. 


The  th J  rosd  carti- 
lage befn^  fixed 
bj  it«  extrinsic 
maHcleft,  the 
front  of  the  cri- 
coid cartilage  is 
drawn  up wardf » 
and  its  back* 
with  the  arytti- 
ooids  attached, 
ia  drawn  down^ 
Hence  the  vocal 
conla  are  elon' 
gated  auteru- 
poateriorlj  anil 
put  upoQ  the 
stretch.  Pa- 
raljats  of  these 
muflclcfl  caufiea 
an  inability  to 
prod ace  high 
notes.  , 


lA^.  «T>-epigrlott 

Ckrt*  Wriiberffii 
Cart.  Buitfirini 

tm,  AtTt«i).  uhliqu. 

|iM>-iiJ7ti;iuild.  l»«t, 
Cnmfi  mfecior 

psiit.  iof .  iQvinbmai 
Para  mriik^. 


I3S.— ThP  IjllTlJX   BB 


seen  fr-^wi  behind.    To  show  tlift 


Nhrve  Sitpplf. — Th® 
laryiut  is  sup  pi  ied  by  two 
branehee  of  the  yagna  1 
ih^  wuperi^ft  hiryn^ml  ia 
the  Bensory  nerve  ^  by  its 
e^vrnal  branchy  bow- 
ever,  it  supplies  one  mna- 
cle,  namely  the  (srico- 
t  hyroid.  The  rest  of  the 
ijiiisiilfs  are  supplie<i  by 
the  in/trhir  lafymjeal 
mrrtWhei^  breg  of  w  h  1  ch* 
however*  come  frotn  the 
spinal  accttfliKJTy^  not  the 
vapuB  pr<>p*r. 

The  larynx  m  lined  with 
a  mucouB  membrane  con- 
tinuoaa  with  that  of  the 
trachea  i  this  la  covered 
with  ciliaUHl  epithe- 
lium except  over  the 
vocal  cords  and  cpiglot- 
tia,  where  it  is  filrati- 
fied.  The  vocaJ  cords 
are     thickened     batidft 
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of  elastic  tissue  in  this  mucous  membrane  which  ran  from  before  \mgk  u 
already  described.  The  chink  between  them  is  called  the  rima  gUt^dii 
(see  fig.  539).  Two  ridges  of  mucous  membrane  above  and  panllel  to 
these  arc  called  the  false  vocal  cords;  between  the  true  and  falae  Tool 
cord  on  each  side  is  a  recess  called  the  ventricle  ;  and  it  is  in  the  mnoqv 
membrane  here  that  the  cuneiform  cartilages  are  imbedded. 

The  larsmflTOSoope  is  an  instrument  employed  in  investigatiug  daria| 
life  the  condition  of  the  pharynx,  larynx,  and  trachea.  It  consists  of  a  \ms^ 
concave  mirror  with  perforated  centre,  and  of  a  smaller  mirror  fixed  io  1 


^•539-— Vertical  section  through  the  hurvnz,  passing  from  side  to  side.  H,  hyoid  bone ; 
T,  thyroid  cartilage ;  T.C.K.,  thyro-ciicoid  membrane ;  C,  cricoid  cartilage ;  Tr,  fint 
ring  of  trachea ;  T.A.,  thTro-arytenoid muscle ;  B.G.,  rimaglottidis ;  V.C,  vocal  cord; 
y,  Tentride ;  F.V.C,  falae  yocal  cord.    (After  Allen  ThosnaoD.) 

long  handle.  It  is  thus  used  :  the  patient  is  placed  in  a  chair,  a  good  light 
(argand  burner,  or  electric  lamp)  is  arranged  on  one  side  of,  and  a  little  aboTC 
his  head.  The  operator  fixes  the  large  mirror  round  his  head  in  such  a  mamier, 
that  he  looks  through  the  central  aperture  with  one  eye.  He  then  aeati 
himself  opposite  the  patient,  and  so  alters  the  position  of  the  mirror,  which 
is  for  this  purpose  provided  with  a  baU-and*sooket  joint,  that  a  beam  d 
light  is  reflected  on  the  lips  of  the  patient. 

The  patient  is  now  directed  to  throw  his  bead  alightly  backwards,  and  to 
open  his  mouth  ;  the  reflection  from  the  mirrot  lights  up  the  cavity  of  the 
mouth,  and  by  a  little  alteration  of  the  distance  between  the  operator  and 
the  patient  the  point  at  which  the  greftteat  amount  of  light  la  reflected  by 
the  mirror — in  other  words,  its  food  length — is  readily  discovered.  The 
small  mirror  fixed  in  the  handle  is  then  warmed,  either  by  holding  it  over 
the  lamp,  or  by  putting  it  into  a  vessel  of  warm  water  ;  this  is  neceaaaiy  to 
prevent  the  conaenaation  ot  breath  uyon  its  surface.    The  d^^ee  of  heat  is 
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re!gntal4^  by  applying  the  back  of  the  toinor  to  the  Imnd  or  cheek,  whea  It 
■h^d  feel  wanji  without  hemg  painfuL 

.  Aitex  these  prelim iDArics  the  patient  is  directed  to  put  out  his  t^ngnet 

pi'hic'h  ia  held  hy  tbe  k-ft  hand  gently  but  Enuly  ^gaiiist  the  lower  teeth  by 

hns  of  a  handkerchjef*    The  warm  mirror  is  paseed  to  the  bftck  of  tlie 

Dath,  until  it  resU  apon  and  flllghtlj  miaeB  the  base  of  the  uvula,  and  at 

same  time  the  light  i^  directed  upon  it :  uti  iurerted  image  of  the 

jiuc  and  trachefl  will  be  soen  in  the  mirror*     If  the  dorsum  of  the  tongue 

,  alone  seen,  the  handle  of  the  mirror  must  be  Hlightly  lowered  until  the 

comei  into  view  ;  care  should  be  taken,  howerer^  not  to  move  the 


Fig.  s^ii.— Tlie  pMta  of  xha  L»iyiigosoope. 


mlrroT  upon  the  uvula^  as  it  exeitea  retching.     The  observation  should  not 
be  prolonged,  but  sbould  rather  be  repeattjd  at  ahnrt  intervals. 

The  Btraetiirea  seen  will  vary  Bomewh^t  according  to  the  condition  of  the 
parti*  as  to  inspiration,  expiation,  phonation,  &c. ;  they  are  (fig.  S42)  first, 
and  apparently  at  the  f>ost^ior  part,  the  hit^t*  of  ih^  ti^tt^utt^  immediately 
below  which  is  the  arcuate  outline  of  the;  tfpigMth^  with  ita  cushion  or 
tubercle.  Then  are  seen  in  the  central  line  the  true  ractd  c&rdu,  white  and 
«luning  in  their  normal  condition.  The  cords  approiinaate  (in  the  inverted 
image)  posteriorly  ;  between  them  is  left  a  ehink,  narrow  whilst  a  high  note 
is  being  song,  wide  during  a  deep  tnapiraticm.  On  each  side  of  the  true 
Tocal  cords,  and  on  a  higher  level,  are  the  piuk/ahe  nteal  eordt.  Still  more 
est^ruxdly  than  the  false  vocal  eordH  is  the  itrifi^no*^pi^htt.ideaH  fold,  in 
which  are  aitnated  ujion  each  side  three  small  elevations  ;  of  theae  the  most 
external  h  the  etirtUa^e  qf  Wrijtber^^  the  intermediate  is  the  rartilatfe  ft/ 
Saniifrini^  whilst  the  snmmit  of  the  arjtenmd  mrtUage  ia  in  fronts  and 
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Bomcwhat  below  the  preceding,  being  only  seen  during  deep  intpintioB. 
The  rings  of  the  trach^a^  and  even  the  bifurcation  of  the  trachea  itKlf,if  the 
patient  be  directed  to  draw  a  deep  breath,  may  be  seen  in  the  inteml 
between  the  true  vocal  cords. 


Fig.  541. — To  show  the  position  of  Uie  opeantor  and  patient  when  tudng  the  JjujufoacofL 

Movements  of  the  Vocal  Cords. 

In  Respiration. — The  position  of  the  vocal  cords  in  ordinarj 
tranquil  breathing  is  so  adapted  by  the  muscles,  that  the  opening 
of  the  glottis  is  wide  and  triangular  (fig.  542,  b).  For  all  practical 
purposes,  the  glottis  remains  unaltered  during  ordinary  quiet 
breathing,  though  in  a  small  proportion  of  people  it  becomes  a 
little  wider  at  each  inspiration,  and  a  little  narrower  at  eadi 
expiration.  In  the  cadaveric  position  the  glottis  has  about  half 
the  width  it  has  during  ordinary  breathing;  during  life,  there- 
fore, except  during  vocalisation,  the  abductors  of  the  vocal  cords 
are  in  constant  action.  (F.  Semon.)  On  making  a  rapid  and 
deep  inspiration  the  opening  of  the  glottis  is  widely  dikted 
(fig.  542,  c),  and  somewhat  lozenge-shaped. 

In  Vocnlimtion, — At  the  moment  of  the  emission  of  a  note, 
the  chink  is  narrowed,  the  mai*gins  of  the  arytenoid  cartilagea 
being  brought  into  contact  and  the  edges  of  the  vocal  cords 
approxiuiated  and  made  parallel ;  at  the  same  time  their  tenaioD 
is  much  inereaseil.  The  higher  the  note  produced,  the  tenser  do 
tho  cords  become  (fig.  542,  a);  and  the  range  of  a  voice  depends, 
in  the  main,  on  the  extent  to  which  the  degree  of  tension  of  the 
vocal  cords  can  be  thus  altered.  In  the  production  of  a  high 
note  the  vtH;al  cords  are  brought  well  within  sight,  so  as  to  he 
plainly  visible  with  the  help  of  the  laryngoscope.  In  the  utte^ 
auce  of  low-pitched  tones,  on  the  other  hand,  the  epiglottis  is 
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tpreesed  md  brought  over  them,  r jmI  the  arytenoid  cartilages 
[Jook  as  if  tliey  were  trying  to  hide  fr'.hemselves  imder  it  (fig,  543). 
I  The  epiglottis,  by  being  somewha  t  primed  flown  so  as  to  t'over- 


k 


§.  ^42.—TLtvp  liuyniroflpopic  TifTva  vff  ihf  6tip  ^orapcrhirp  of  the  lujnx  Msd  snrround- 
m^  pArtR.  At  thft  glattk  (]iiricttf  the  eiiiL>««i'  ju  o>f  »  uigh  nute  in  afii^ljaif ;  B»  ui  WH}r  and 
quiet  iDlmliitjoii  of  air ;  C,  in  tfiis  utatt'  of  wFv^t  jiOwdblc  diUtation.  im  in  mha^m  a 
T«T  deep  brent h.  The  diagnunfl  A',  h\  ud  (T,  mhoTr  In  horwoutal  Mctitnui  of  ttw 
^linilit  thi5  fhviitian  cif  the  vocal  ciiftl.><  at  jd  arrtcmoid  cMrtil&fefl  in  tbjis  thttm  mnKol 
■fefttas  reprewnted  m  thp  other  fi^nrofi.  1  j  «ll  [He  fiirure*  io  far  lu  mi^kcdt  the  letfeefS 
indicate  the  p&rtft  &«  folhiiwii',  vi:e. :  ^  th«  mm  of  the  tongoB ;  «,  ttie  upper  free  put  of 
the  eplalottvi:  e%  the  tuherclt?  or  mishiu  i  of  thu  epiglotfiB;  rA,  put  of  the  anterior 
wall  of  tho  ptuu^iut  hehiad  tke  iMrynx  ;  kt  the  nuui^n  of  th#  niyteuo-cpaglottldeim 
fold*  h^p  the  •wdunff  of  the  membnme'  ca  ned  by  the  ukilag«iii  of  Wrbbei^ ;  t,  tliat  of 
t^m  cAxillmgm  at  BviUftM ;  a,  the  tin  or  «aBmJt  of  the  arj-Vnui^  caitilagni  |  «  it,  the 
true  Tocal  cordB  or  iipff  of  the  nou.  flot^  Mit ;  hs  it «,  the  «uCKrior  or  faW  voeu  oordu ; 
lieiveea  tli«m  the  Teutaiele  of  th«  iMym  c;  !■  C,  ir  ia  placed  on  the  anterior  wall  of  the 
i-veedizv  tnchea^  and  b  indieateii  the  c  lai—iiiiniimi  ill  of  the  two  hmqchi  be^'cmd  tlie 
blfnnaloo  which  mn}-  he  broofht  f  1*0  view  in  iMi  stiit«t  of  extmiie  dilatation. 
(Quatn^  after  Csermak.j 

the  aaperior  cavity  of  the  Ir  jynx,   serves   to   render  the  uoteB 
deeper  in  tone  and  at  the  sam  c  time  somewhat  duller. 

The  degree  of  approxhimt'fon  of  thi-  %*ocal  cords  also  usually 
oorrespoudsa  with  the  height  ( jf  the  note  produced ;  but  the  width 
of  the  aperture  has  no  esse  ntial  influence  on  the  pitch  of  the 
note,  as  long  as  the  vocnl  cords  have  the  same  tension:  only 
with  a  wide  aperture  the   tone  h  more  difticiilt  to  produce  and 
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is  less  perfect,  the  rushing  of  the  air  through  the  aperture  boDg 
heard  at  the  same  time. 

No  true  vocal  sound  is  produced  at  the  posterior  part  of  the 
aperture  of  the  glottis,  that,  viz.,  which  is  formed  by  the  sptoe 
between  the  arytenoid  cartilages. 

The  Voice. 

The  human  musical  instrument  is  often  compared  to  a  reed 
organ-pipe :  certainly  the  notes  produced  by  such  pipes  in  tiie 
vox  humana  stop  of  organs  is  very  like  the  human  voice.  Here 
there  is  not  only  the  vibration  of  a  column  of  air,  but  also  of  a 
reed,  which  corresponds  to  the  vocal  cords  in  the  air-chamber 
composed  of  the  trachea  and 
the  bronchial  system  beneath  it.  9 

The  pharynx,  mouth,  and  na^l 
cavities  above  the  glottis  ai^ 
resonating  cavities,  which  by 
alterations  in  their  shape  and 
size,  are  able  to  pick  out  and 
emphasize  certain  component 
parts  of  the  fundamental  tones 
produced  in  the  larynx.  The 
natural  voice  is  often  called  the 
chest  voice.  The  falsetto  voice  is 
differently  explained  by  different 
observers ;  on  laryngoscopic  exa- 
mination, the  glottis  is  found  to  be  widely  open,  so  that  there 
is  an  absence  of  chest  resonance ;  some  have  supposed  that  the 
attachment  of  the  thyro-arytenoid  muscle  to  the  vocal  cord 
renders  it  capable  of  acting  like  the  finger  on  a  violin  string, 
part  of  the  cord  being  allowed  to  vibrate  while  the  rest  is  heW 
still.  Such  a  shortening  of  a  vibrating  string  would  produce  a 
higher  pitched  note  than  is  natural. 

Musical  sounds  differ  from  one  another  in  three  ways : — 

1.  I7i  pitch.  This  depends  on  the  rate  of  vibration ;  and  in 
the  case  of  a  string,  the  pitch  increases  with  the  tension,  and 
diminishes  with  the  length  of  the  string.  The  vocal  cords  of  a 
woman  are  shorter  than  those  of  a  man,  hence  the  higher  pitched 
voice  of  women.  The  average  length  of  the  female  cord  is  11*5 
millimetres;  this  can  be  stretched  to  14;  the  male  cord  averages 
15*5  and  can  be  stretched  to  19*5  millimetres. 

2.  In  loudness. — This  depends  on  the  amplitude  of  the  vibrar 
tions,  and  is  increased  by  the  force  of  the  expiratory  blast  whidi 
sets  the  cords  in  motion. 


^'  543.— View  of  the  upper  part  of  tfai 
■  ofthe] 
ttenmee 
ote.  e.  epigiottifl ;  «.  toberel 
of  the  cartuaffes  of   Saatoiini;  •, 
arytenoid  cartuagea ;  >,  baae  of  ttt 
tongue ;  flk,  the  posterior  wall  of  ttt 
phuynx.    (Gmmak.) 


laiynx  aa  seen  by  means  of  the  Ittn- 
ffoacope  doling  the  ntteranoe  of  a 
basB  note,  e,  epig^ottja ;  «.  tobenki 
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3.  /f»  *' ^iWi^i*."— Tliia  is  th<?  tliflTercnce  of  ebamcter  which 
diatiiiguiBhea  one  voice,  or  one  muBiual  instrument^  from  anotber. 
It  is  due  to  admixttire  of  the  primary  vibmtions  with  secondary 
vibrations  or  overtones.  If  one  take&  a  tracing  of  a  tnning-fork 
on  a  revolving  cylinder,  it  writts  a  simple  series  of  tip  and  down 
wa^es  corresponding  in  rate  to  the  note  of  the  fork*  Other 
musical  instru mentis  do  not  lentl  themselves  to  this  form  of 
graphic  record,  but  their  vibrations  can  be  rendered  visible  bj 
allowing  them  to  act  on  a  small  sensitive  gas^flamo  ;  this  bo^ 
up  and  down,  and  if  the  reflection  of  this  flame  is  allowed  to  fall 


H^*  S44,^KSnlg'ji  appafmtiu  f c^  olitftJniDg  fam^  picture*  of  mnakml  notoL 


on  a  series  of  mirrors,  the  top  of  the  continuotis  image  formed  in 
seen  to  present  wavefli-  The  mirrors  are  usually  arranged  on  the 
four  lateral  aides  of  a  cube  which  is  rapidly  rotated.  If  one 
sings  a  note  on  to  the  membrane  in  the  side  of  the  gas-chamber 
with  which  the  flamo  is  in  connection,  the  waves  seen  are  not 
simple  up  and  down  ones^  but  the  primary  large  waves  are  com- 
plicated  by  emaller  ones  on  their  surface,  at  twice»  thrice,  i^c, 
the  rate  of  the  primtiry  vibration.  The  richer  a  voice,  the  richer 
the  sound  of  a  musical  iustrument,  the  more  numerous  are  these 
overtones  or  harmonica. 

The  range  of  the  voice  is  seldomj  except  in  celebrated  singerSt 
more  than  two-and-a-half  octaves,  and  for  diflerent  voices  this  is 
in  different  parts  of  the  musical  scale. 

Although    the   voice  is   usually   produced   by   the  expiratory 
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tlast,  by  practice  one  can  employ  the  inspiratoiy  blast ;  this  con- 
stitutes the  form  of  speech  known  as  ventriloquism.  The  Toioe 
does  not  appear  to  come  out  of  the  speaker's  mouth ;  and  u 
we  never  readily  distingtush  the  direction  in  which  the  souodi 
reach  our  ear,  the  ventriloquist,  by  directing  the  attention  of  tk 
audience  to  various  parts  of  the  room,  is  able  to  make  thei 
imagine  the  voice  is  proceeding  from  those  parts. 

V  • 

Speech. 

This  is  due  to  the  modification  produced  in  the  fundamental 
laryngeal  notes,  by  the  resonating  cavities  above  the  vocal  cordi 
By  modifying  the  size  and  shape  of  the  pharynx,  mouth,  and  ncne, 
certain  overtones  or  harmonics  are  picked  out  and  exaggerated; 
this  gives  us  the  vowel  sounds ;  the  consonants  are  produced  bj 
interruptions,  more  or  less  complete,  of  the  outflowing  air  in 
different  situations.  The  soft  palate  is  raised  at  each  wori 
When  the  larynx  is  passive,  and  the  resonating  cavities  alone 
come  into  play,  then  we  get  whispering. 

The  pitch  of  the  Vowels  has  been  estimated  musically  ;  u  has  the  lowoi 
pitch,  then  o,  a  (as  in  father),  a  (as  in  cane),  i,  and  e.  We  may  give  a  few 
examples  of  the  shape  of  the  resonating  cavities  in  pronoancing  Towd 
sounds,  and  producing  their  characteristic  timbre  :  when  sounding  a  (in 
father)  the  mouth  has  the  shape  of  a  funnel  wide  in  front;  the  tongoe 
lies  on  the  floor  of  the  mouth ;  the  lips  are  wide  open ;  the  soft  palate  ii 
moderately  and  the  larynx  slightly  raised. 

In  pronouncing  u  (oo).  the  cavity  of  the  mouth  is  shape<l  like  a  capadoe 
flask  with  a  short  narrow  neck.  The  whole  resonating  cavity  is  then 
longest,  the  lips  being  protruded  as  far  as  possible  ;  the  larynx  is  deprened 
and  the  root  of  the  tongue  approaches  the  fauces. 

In  pronouncing  «,  the  neck  of  the  flask  is  shorter  and  wider,  the  lips  bdng 
nearer  the  teeth  :  the  larynx  is  slightly  higher  than  in  sounding  oo. 

In  pronouncing  t\  the  flask  is  a  small  one  with  a  long  narrow  neck.  The 
resonating  chamber  is  then  shortest  as  the  lar^-nx  is  raised  as  mncb  n 
possible,  and  the  mouth  is  Injunded  by  the  teeth,  the  lips  being  retracted; 
the  approach  of  the  tongue  near  the  hard  palate  makes  the  long  neck  of 
the  flask. 

The  Consonants  are  produced  by  a  more  or  leas  complete  closure  ol 
certain  (I(m:>i"s  on  the  course  of  the  outgoing  blast.  If  the  closure  is  com- 
plete, and  the  blast  suddenly  opens  the  door,  the  result  is  an  explotirt; 
if  the  door  is  partly  closed,  and  the  air  rushes  with  a  hiss  through  it 
the  result  is  an  tutpirutfi ;  if  the  door  is  nearly  closed  and  its  maigins  tie 
thrown  into  vibration,  the  result  is  a  vibratire:  if  the  mouth  is  cloaed, 
and  the  sound  has  to  find  its  way  out  through  the  nose,  the  result  is  i 
re;ton/ifit. 

These  dooi^  are  four  in  number  ;  BrUcke  called  them  the  artieulati^n 
po«ition.i.     They  are — 

1.  Between  the  lips. 

2.  Between  rlie  tongue  atid  hard  palate.  ' 

3.  Between  the  tongue  and  soft  palate. 

4.  Between  the  vocal  cords. 
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The  folia  wing  Iftbtt^  ciaaaitit^  th(i  priiioi{)al  consonftuts  acoonlmg  to  thin 

Vibrativei^         Resotumta. 
—  ,,.       M, 

n.         ...      N. 

.      PftlarAl  R.      ...       Kg, 
*  R  of  lower  Saxofi^^.       ^ 

Defects  of  Speech. 

Speccit  \a  ap  Action  continL'Ll  to  ruaii  -  ox|jerimoTiUon  anim^  an?  therefore 
here  iuujiplicflblo  ;  hence  our  know  ledge  ul  the  nervnu^  mechnuism  of  upeer.h 
diefect^  Jependa  on  deductions  dmwn  from  the  ciioical  and  putbologjcal 
ludj  of  rtiseuse. 
Speech  may  be  absent  in  certain  fomm  of  lanaoy^  and  temporarily  in 
'ml  defi^et  uf  will  call^  hyitetia. 
It  in  JIT  be  ab«»etit  owinp  t«  congenital  ilefects*  Children  humx  deaf  are 
amb  abo.  This  j»  L^eau^  we  think  wifh  remembeieJ  eenniU,  rtud  tn 
a  [lefH^jD  JxnTi  deaf  the  auditory  centres  ate  never  &et  into  at^tivity.  By 
_edncaling  the  chilrl  by  the  visual  inlL*t,  it  can  be  taught  t^j  think  ttith  the 
aemberetl  shapes  of  the  mouth  and  exprt«sir»ns  of  the  face  producetl  in 
)  aet  of  i peaking,  and  hq  can  it^eif  sf^eak  in  time. 

U  a  child  beeotues  deaf  before  it  i»  ^ix  or  seven  jettr^  okl  there  la  a 
abiUtj  it  wiil  for^t  the  apeeeh  it  \ii\fi  Learnt,  and  »o  beeorne  iluiiiU 
Xn  oongeuitsl  hemiplegia  there  may  be  appi^chles^netv^,  cspecitilJy  if  the 
is  doe  to  menmifenl  hiemonhage  affecting  the  prey  cortex  of  "the  left 
ptoere.    These  ehiitlren  generally  talk  latu,  the  right  side  of  the  bmin 
Rking  on  the  function  of  the  [eft» 
D]M)riler»  of  speech  and  voice  occur  from  affections  of  the  krynx^  and  of 
1  nflrvea  which  supply  the  larynx.    BtaniineHng  19  a  want  of  co-ordinatton 
^ween  the  variotiB  museles  eniploj^ed  in  the  act  of  apenking* 
Perhrips  the  most  intere?itirig  of  tlie  di84>nlerw  of  speech,  however,  are  those 
lie  to  bruin  diseo^^  in  i&dult^.     These  fall  into  three  prineipal  categories : — 
I.  AphrmU, — A  difficulty  or  inability  to  utter  or  articulate  w^jrd*.     It  iit 
I  assMX!iatetl  with  ditficnlty  of  HWiillowing,  and  occura  in  lesionj  of  the 
of   the  brain,  esi>eciolly  of  pons  and  bulb.    The  blurring  of  »|ieBch 
kl  in  most  caaea  of  ap^iplexy  may  also  be  includcil  under  thitt^head. 
Aphii^U.^^hlA  is  a  ct>niplex   cuudition  in  whieii  the  will  to  speak 
s,  and  also  the  ability  to  »peak,  but  the  ixmnection  between  the  two 
broken  ilown*     When   the   pjUienI    spt-aks,  the   worils  which    he  utters 
'wo  well  pronounced,  but  are  not  iXwm  he  wij*he*  to  utter.     Tills  m  often 
ttsaociatetl  with  Agrtiphm,  a  similar  condition  in  respect  to  writing.     It  in 
the  form  of  disordered  (speech  aasociatefl  with  diaorgnniBation  «.>f  Broca^s 
(son  volution. 

3,  Amne^. — Tbia  term  includes  a  large  clftiw  of  eaiea  in  which  the  main 

tjmptom  h  loiis  of  memory  for  word*,  or  a  defect  of  the  B«&oeiatfon  of  ideas 

of  thiaga  with  iden!^  of  word?*,  not  as  in  aplmsia  with  ideas  of  verbal  action. 

Amnesia  is  associated   with    lesions  of  the   intellectual,  *.*?.,  the  »en!rny 

centres  of  the  eorte:s  behind  the  RokMdic  area.  ^  We  have  seen  that  in  this 

region  of  the  brain  there  are  two  important  eentreft,  the  visual  and  the 

aiSitory,  and  the  parts  of  these  which  are  a?:aot:iateil  wilh  words  may  Ije 

C^led  the  rUutil  fi\trd-f***Afif  aufl    fhe  fimUtifrij  itHfrd-r^'ufr^,      They  have 

not.  however,  Ijeen  nnatomieiilly  Itxuvliscd,     In  anmo^ia,  ■     '  ^  eci^tres 

themselves,  or  the  tract <;  thnt  connect  them*  Are  di»*eH^*.^J  . iowii, 

I       With  regard  to  the  amditory  word-centre,  iropressirjuh  i,„   ,^„_-  ^^muja  of 

I  word^  arc  revived  tti  r>ne  of  three  ways :--  ,  r 

r  '    u,  Hpontanc\>u.s  nt  volitional ;  owing  W  accamlilated  traces  which  constitute 

memory,  a  man  when  he  wiuita  to  express  lii«  thbughta  In  words  remembers 

3  A  2 
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the  bounds  it  is  necessary  to  use ;  impulaes  pass  to  the  motor-centre  (Brocai 
convolution),  thence  to  the  nerve-centres,  nerves,  and  muscles  o£  the  laiynz, 
mouth,  chest,  &c.,  and  the  man  speaks. 

h.  In  slight  disease  of  the  auditory  word-centre,  be  is  unable  to  do  thi 
but  if  his  mind  is  set  into  a  certain  groove  he  will  speak ;  thos  if  tbe 
alphabet  or  a  well-known  piece  of  poetiy  be  started  for  him  he  will,  finiik 
it  by  himself. 

c.  Mimetic.  In  more  severe  cases,  a  more  powerful  stimulus  stili  b 
needed  ;  he  will  repeat  any  words  after  another  person,  but  forget  thei 
immediately  afterwards. 

With  regard  to  the  visual  word-centre  as  tested  by  writing,  there  are  ain 
three  ways  of  reviving  impressions  for  written  words  or  letters. 

(a.)  Spontaneous  or  normal. 

[b.)  A  train  of  thought  must  first  be  set  going ;  as,  for  instance,  convertiif 
printed  words  into  written  characters. 

^.)  Mimetic  ;  he  can  only  write  from  a  copy. 

Two  operations  require  the  combined  activity  of  both  centres ;  the  fint 
of  these  is  reading  aloud,  the  second  is  writing  from  dictation. 

In  reading  aloud,  the  impression  of  the  words  enters  by  the  eyes,  reacfao 
the  visual  word-centre,  travels  across  to  the  auditory  word-oentre,  wbere 
the  sounds  of  the  words  are  revived  and  the  person  pronounces  them. 

Writing  from  dictation  is  just  the  opposite  ;  there  the  impressions  of  the 
words  enter  by  the  ears,  reach  the  auditory  word-centre,  travel  acroe  to 
the  visual  word-centre,  where  the  shapes  of  the  words  are  revived  and  tbe 
person  writes  them. 

In  the  investigation  of  any  case  of  defective  speech  there  are  always  the 
following  six  things  to  be  inquired  into  : — 

1.  Can  the  patient  understand  spoken  words?  (The  patient,  of  conne, 
not  being  deaf.)     If  he  cannot,  the  auditory  word-centre  is  deranged. 

2.  Can  he  repeat  words  when  requested  ?  This  tests  the  emission  fibres 
from  the  auditory  word-centre  which  pass  through  the  motor-centres  kt 
speech  in  Broca's  convolution.  If  he  cannot  do  this,  the  patient  hai 
aphasia. 

3.  Can  he  write  from  dictation  ?  If  he  cannot,  either  the  auditory  or 
visual  .word-centre,  or  the  fibres  passing  from  the  one  to  the  other,  ue 
injured. 

4.  Does  he  understand  printed  matter,  and  can  he  point  out  printed 
letters  and  wordsi?  Can  he  read  to  himself  ?  (The  patient,  of  course,  not 
being  blind.)    This  tests  the  visual  word-centi'e. 

5.  Can  he  copy  written  words  ?  This  tests  the  channels  from  the  Tisoal 
wonl -centre  to  the  motor-centres  for  movements  of  the  hand  in  writing. 

6.  Can  he  read  aloud,  or,  what  is  the  same  thing,  name  objects  he  sees: 
This  is  the  opposite  to  writing  from  dictation,  and  tests  the  healthiness  d 
the  word-centres  or  the  fibres  which  connect  the  visual  to  the  anditoiy 
word-centre. 


CHAPTER  LV. 

THE   EYE   AND  VISION. 


The  eyeball  is  contained  in  the  cavity  of  the  skull  called  the 
orbit ;  here  also  are  vessels  and  nerves  for  the  supply  of  the  eye- 
ball, muscles  to  move  it,  and  a  quantity  of  adipose  tissue,  hi 
the  front  of  the  eyeball  are  the  lids  and  lacrimal  apparatus. 
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"Iffbe  eyelids  consist  of  two  movable  folds  of  skin,  each  of 
^*^lch  is  kept  in  shape  by  a  thin  plate  of  fibrous  tissue  called  the 
^^^-mus.  Along  their  free  edges  are  inserted  a  number  of  curved 
"^Xt8  {eyelashes)^  which,  when  the  lids  are  half  closed,  serve  to 
P*^^^^tect  the  eye  from  dust  and  other  foreigcn  bodies :  the  tactile 
^^^^^sibility  of  the  lids  is  very  delicate.  On  the  inner  surface  of  the 
^^^^118  are  disposed  a  number  of  small  racemose  glands  {Meibomian)^ 
^^  ^  ducts  of  which  open  near  the  free  edge  of  the  lid. 

The  orbital  surface  of  each  lid  is  lined  by  a  delicate,  highly 

*^^sitive   mucous   membrane  {conjunctiva)^  which  is  continuous 

^^th  the  skin  at  the  free  edge  of  each  lid,  and  after  lining  the 

^^^^er  surface  of  the  eyelid  is  reflected  on  to  the  eyeball,  being 

^^^mewhat  loosely  adherent  to  the  sclerotic  coat.     Its  epithelium, 

^'"Viich  is  columnar,  is  continued  over  the  cornea  as  its  anterior 

^{>ithelium,  where  it  becomes  stratified.     At  the  inner  edge  of 

^Vie  eye  the  conjunctiva  becomes  continuous  with  the  mucous 

^i^ing  of  the  lacrimal  sac  and  duct,  which  again  is  continuous 

"^ith  the  mucous  membrane  of  the  inferior  meatus  of  the  nose. 

The  lacrimal  glandj  composed  of  several  lobules  made  up  of 
^cini  resembling  the  serous  salivary  glands,  is  lodged  in  the  upper 
^nd  outer  angle  of  the  orbit.  Its  secretion,  which  issues  from 
Several  ducts  on  the  inner  surface  of  the  upper  lid,  under  ordinary 
circumstances  just  suffices  to  keep  the  conjunctiva  moist.  It 
passes  out  through  two  small  openings  (puncta  lacrimalia)  near 
the  inner  angle  of  the  eye,  one  in  each  lid,  into  the  lacrimal  sac, 
Hnd  thence  along  the  nasal  duct  into  the  inferior  meatus  of  the 
Hose.  The  excessive  secretion  poured  out  under  the  influence 
of  an  irritating  vapour  or  painful  emotion  overflows  the  lower 
lid  in  the  form  of  tears.  The  secretory  nerves  are  stated  to  be 
contained  in  the  lacrimal  and  subcutaneous  molar  branches  of  the 
fifth  nerve,  and  in  the  cervical  sympathetic. 

The  eyelids  are  closed  by  the  contraction  of  a  sphincter  muscle 
{orUciUaris),  supplied  by  the  facial  nerve  ;  the  upper  lid  is  raised 
by  the  levator  palpebroi  superioris,  supplied  by  the  third  nerve. 

The  Eyeball. 

The  eyeball  or  the  organ  of  vision  (fig.  545)  consists  of  a 
variety  of  structures  which  may  be  thus  enumerated : — 

The  sclerotic,  or  outermost  coat,  envelops  about  five-sixths  of 
the  eye-ball :  continuous  with  it,  in  front,  and  occupying  the 
remaining  sixth,  is  the  cornea.  Immediately  within  the  sclerotic 
is  the  choroid  coat,  and  within  the  choroid  is  the  retina.  The 
interior  of  the  eyeball  is  filled  by  the  aqueous  and  vitreous  humours 
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aod  the  cf^staltm^  lm>$ ;    but^  ftlso^  there  b  suspended  in  tbe 

interior  a  eontr«u*ttle  aod  perfomted  tmrtain, — the  iruj  for  rr^ 
kting  the  admifisioti  of  light,  and  behind  at  the  junction  of  thj 
sclemtiu  and  cornea  is  the  cUiarj"  mue^lej  the  function  of  wlii^ 
ifi  to  lidapt  the  eve  for  seoin^  objects  at  various  distAnoes* 
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CiliMiy  pmoejiM- 
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fig*  545.^Becttoii  of  the  anterior  f uuf-Mtlu  of  the  ejcbolL 

Stnteture  of  tJie  Sderotw  Coat — The  sclerotic  coat  is  mmycmd 
of  white  fibrous  tisane,  with  some  elastic  fibres  naar  the  iuiiw 


Fig r  546.  —YmUxml  i^otiqii  of  »libit*4  eoroea.   «*  AntariiKr ppiLhelium. dUiowiiif  HwdUtoni 
fdiape*  of  tli»  cell*  lit  Tiirioiu  deiiih«  from  the  f ne  suifioe ;  b^  poitian  af  tlie  i  ' 
of  cornea.     [Kldn. } 

surface,   arranged    in    variously  disposed  and  interlacing 
Mauj  of  the  bundles  of  fibres  cross  the  others  abnost  at  riglit^ 
angles.     It  is  strong,   toughj  and  opfique,  and  not  vety  1 
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It  is  sepamted  from  the  choroid  by  a  lymphatic  space  {jperi-' 
ck€Toidal)j  and  this  is  in  connection  with  smaller  spaces  lined 
irith    endothelium    in   the   sclerotic   coat   itself.       There    is   a 


Fig.  547.— Hbrizontal  ptrapamtlon  of  cornea  of  frog ;   showinff  the  network  of  bnmohed 
oonMSrcoiinMoleB.   .XSe  ground  substanoe  is  completely  colotirlefls.     x  400.    (Klein.) 

lymphatic  space  also  outside  the  sclerotic  separating  it  from,  a 
loose  investment  of  connective  tissue,  containing  some  smooth 
muscular  fibres,  called  the  capsule  of  Tenon.     The  innermost  layer 


Fig.  548. — Surface  view  of  part  of  lamella  of  kitten's  cornea,  prepared  first  with  oaastic 
potash  and  then  with  nitrate  of  nilver.  (By  thiH  method  the  branched  comea-corpuncles 
with  their  granular  protoplasm  and  large  oval  nuclei  are  brought  out )  x  450.  (Klein 
and  Noble  %nith.) 

of  the  sclerotic  is  made  up  of  loose  counective  tissue  and  pigment- 
cells,  and  is  called  the  lamina  fusca. 

Structure  of  the  Cornea, — The  cornea  is  a  transparent  membrane 
which  forms  a  segment  of  a  smaller  sphere  than  the  rest  of. the. 
eyeball,  and  is  let  in,  as  it  were,  into  the  sclerotic,  with  which  it  is 
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continuous  all  round.  .  It  is  covered  by  stratified  epidieliuin 
(a,  fig.  546),  consisting  of  seven  or  eight  layers  of  cells,  of  whieb 
the  superficial  ones  are  flattened  and  scaly,  and  the  deeper  ooei 

more  or  less  columnar.  Inmiediately 
beneath  this  is  the  anterior  komogeneofu 
lamina  of  Bovoman^  which  differs,  onlj 
in  being  more  condensed  tissue,  from 
the  genertil  structure  of  the  cornea. 

The  corneal  tissue,  as  well  as  its 
epithelium,  is,  in  the  adult,  completely 
destitute  of  blood-vessels  ;  it  oonsigti 
of  an  intercellular  ground-substance  of 
rather  obscurely  fibrillated  flattened 
bundles  of  connective  tissue,  arranged 
parallel  to  the  free  surface,  and  forming 
the^boundaries  of  branched  anastomos- 
ing spaces  in  which  the  corneal  cor- 
puscles lie.  These  corneal  corpuscles 
have  been  seen  to  execute  amoeboid 
movements.  At  its  posterior  surface 
the  cornea  is  limited  by  the  potUrio/r 
homogeneous  lamina,  or  membrane  of 
Descemety  which  is  elastic  in  nature, 
and  lastly  a  single  stratum  of  cubical 
epithelial  cells  (fig.  549,  d). 

Nerves. — The  nerves  of  the  cornea 
are  both  large  and  numerous  :  they  are 
derived  from  the  ciliary  nerves.  They 
traverse  the  substance  of  the  cornea,  in 
which  some  of  them  near  the  anterior 
surface  break  up  into  axis  cylinders, 
and  their  primitive  fibrillse.  The  latter 
form  a  plexus  immediately  beneath  the 
epithelium,  from  which  delicate  fibrils 
pass  up  between  the  cells  anasto- 
mosing with  horizontal  branches,  and 
forming  an  intra-epithelial  plexus.  Most 
of  the  primitive  fibrillge  have  a  beaded 
or  varicose  appearance.  The  cornea 
has  no  blood-vessels  penetrating  its 
structure,  nor  yet  lymphatic  vessels  proper.  It  is  nourished  by 
the  circulation  of  lymph  in  the  spaces  in  which  the  corneal 
corpuscles  lie.  These  communicate  freely  and  form  a  lymph- 
canalicular  system. 


.  549.— Vertical  section  of  rab- 
birs  cornea,  stained  with  gold 
chloride.  «,  Stratified  anterior 
epithelium.  Immediately  be- 
neath tiiis  is  the  anterior  homo- 
geneous lamina  of  Bowman,  n, 
Kerves  forming  a  delicate  sub- 
epithelial plexus,  and  sending 
up  fine  twigs  between  the  epi- 
thelial cells  to  end  in  a  second 
plexus  on  the  free  surface ;  d, 
Descemet's  membrane,  consist- 
ing of  a  fine  elastic  la^r,  and 
a  smgle  layer  of  epithelial  cells ; 
the  substance  of  the  cornea,  /, 
is  seen  to  be  fibrillated,  and  con- 
tains many  layers  of  branched 
corptiscles,  arranged  parallel  to 
the  free  siirface,  and  here  seen 
edgewise.    (Schofield.) 
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tSintcturt  of  tht  Choroid  Coat  (tunica  iia4cuio§a), — This  ooAfc  is 
attached  to  the  iiuier  lajer  of  the 
sclerotic  iti  front  at  the  comeosclenil 
junction  and  behmd  at  the  entrance  of 
the  optic  nerve ;  ehewhere  it  is  eon- 
nee  ted  to  it  only  by  loose  contiectivo 
tiaeueu  Its  external  coat  is  formed 
chiefly  of  elastic  fibres  and  large  pij^- 
meiit  corpuaolea  loosely  arranged  ;  it 
contains  lymphatic  spaces  lined  with 
eDdotheliunL  This  is  the  lamina  mpra- 
chormdea.  More  intenmlly  is  a  layer 
of  arteries  and  veins  arranged  in  a 
aystem  of  venous  whorls,  together  with 
olastic  fibres  and  pigment  eel  la.  The 
lymphatics,  too,  are  well  developed 
around  the  blood-vessels,  and  there  are 
besides  distinct  lymph  spaces  lined  with 
endothelium.  Internally  to  thia  is  a 
layer  of  fine  capillaries,  very  dense  and  derived  from  the  arteries 
of  the  outer  coat  and  ending  in  veins  in  that  coat.  It  contains 
eorpuscles  without  pigment,  and  lymph  spaces  whieh  surround 


Fig.  550*-  B«icLbii  tlirau^  Hifi 
diDrttid  CKMl  of  the  timUaii 
eye.  1 ,  maalmtfie  of  Bnich ; 
«f  dinrlo  *  capiEftri«  or 
tunioi  RuyflichutnA ;  An  pr^ 
per  rubfttaiuA  of  tlie  imuroiil 
with      iKt^      tvmdt      eat 


through;  4, stmr&clLi 


Pig*  55i.^8Bflfcioii  through  the  i?>fl  vmrtMid  ttiroufh  the  tdHjuT  pTOeeiwea*  i^  «niie»  i 
X,  n<69»bnkoc  at  13tfsc«tiii3t  \  3^  »di;ix}tii.- ;  i\  corDeo-Adenl  iiuictioti ;  4,  canml  q| 
Bohlemm ;  ^1  vtim  ;  6,  nudcstocl  botworlc  on  iatiEV  w«]l  of  caiul  of  Bchletnm; 
7,  li^^psfjtiiuitum  iridiR,  abc\  S,  ida ;  9^  pigment  at  irk  <uvm)  j  id^  dliiuy  pmoewtm ; 

kit,  aHmTf  mtinele;  12,  aiaroid  iamat ;  t^,  n)erjdii»n«l  uid  14,  radUituig  fibres  of  dlbrf 
imiMil& ;  15,  liitg-iniucle  ol  HtUkr ;  t6,  fiitcuLur  at  &tigtila.r  buiidlw  of  ciliary  muKle. 
(SchTwlbe.) 

the   blood -Tessels   (tmmbrana  chmHo-mpUlfiru).     It  is  separated 
from  the  retina  by  a  fine  elftstic  membrane  {ntemhrann  of  BrucA)^ 
which  IB  either  atmctureleas  or  finely  fibrtllated.      (Fig.  550*  r.) 
The  choroid  coat  ends  in  front  in  what  are  called  the  cUiar^ 


mmdM 

inlijB 


,  551*—  CiLiiuy  proaenes,  u  hmbl  tfoia 
Ijehlnd.  t .  poaieriDT  «ti?f fcoe  of  tbft  im, 
TJUi  tbe  ^hinctox  m\ii»de  of  the  pnpQ ; 
a,  ftoteijor  part  of  tbe  otioroM  c<»t; 
3.  one  Qf  the  dlliuy  prooeivkii,  of  wWdi 
&bcait  MreDtj  ai«  n|ireHDted.  f. 


proc€MS6i  (figs.  551,  552).  These  eonsiit  of  from  7  o  to  So  nieridioi* 
ally  arranged  radiating  plaite,  which  oonaiat  of  blood-vesads^  fibrout! 
connective  tissue,  and  pigment  corpuscles*  They  are  Haed  by  #< 
©witintuitioti  of  the  membrane  of  Bruch.     The  ciliary  proeesMx 

terminate  abrupt !>  at  themargiti 
of  the  lens.  The  ciliary 
(13,  14  and  15,  fig^ssi)* 
orij^n  at  the  eomeo* 
junction.  It  is  a  ring  of  muidcv 
3  mm.  broad  and  8  mm-  thick, 
made  up  of  fibres  niuning  iu  thrw 
directions,  (a)  Meridional  Bmi 
near  the  aelerotic  and  puniQi 
to  the  choroid  ;  (&)  radial  ibm 
passing  to  be  inserted  into  ibv 
choroid  behind  the  ciliary  p^ 
cessea ;  and  {c}  circular  ibm 
(muscle  of  M  til  let),  more  inttt- 
ual ;  they  constitute  a  gphinciir, 
The  Iri$. — The  iris  is  a  odd- 
tinuation  of  the  choroid  bvaitjf 
beyond  the  ciliaiy  proeessea  h 
a  fibro-mnscnlar  membrane  perforated  by  a  central  aperture^ 
the  pupil  It  is  ma<ie  up  chiefly  of  blood-Teasela  and  connecti?e 
tissue,  with  pigment-cells  and  unatriated  muscle. 

Posteriorly  is  a  layer  of  pigment  cells  {uvta\  which  is  a  coo- 
tinuation  forwards  of  the  pigment  layer  of  the  retina.  Th« 
structure  of  the  iris  proper  is  made  of  connective  tissue  in  fi^t 
with  corpuscles  which  may  or  may  not  be  pigmented,  and  behind 
of  similar  tisane  supporting  blood-vcasels  enclosed  in  eonneetiTe 
tisane.  The  pigment  cells  are  usually  well  developed  here,  m  are 
also  many  nerve -fibres  radiating  towards  the  pupil.  Surrounding 
the  pupil  ifi  a  layer  of  circular  un striped  muscle,  the  i^tneter 
pupUhr.  In  some  aiiimiils  there  are  also  muscle-fibres  wtdnih 
mdiate  from  the  sphincter  in  the  substance  of  the  iris  fonmti| 
the  dilatator  pupiUct.  The  iria  ia  covered  anteriorly  by  a  layef  of 
epithelium  continued  upon  it  from  the  posterior  surface  of  theoomea. 
Tkt  Letis. — ^Tlie  lens  is  situated  behind  the  iris,  being  enclosed 
in  a  distinct  capBule,  the  |x?sterior  layer  of  which  is  not  m  thicfe 
as  the  anterior.  It  is  supported  in  place  by  the  suspensarji 
ligament  J  fused  to  the  anterior  surface  of  the  capsule.  Tbi 
suspensory  ligaoient  ia  derived  from  the  hyaloid  memhruii, 
which  encloses  the  vitreous  humour. 

The  leni  is  made  up  of  a  series  of  concentric  taminie  (fig.  553), 
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which,  when  it  has  been  hardened,  can  be  peeled  oft'like  the  coats  of 

ftn  on  ton.     The  laminiB  consist  of  long  ribbon -shaped  fibres,  which 

in  the  course  of  development  have  originated  from  cells. 

The  fibres  near  the  mari^in  have  nuclei  and  are  smooth,  those 
I  near  the  centre  are  without  nuclei 
j  and  have  serrated  edges.     They  are 
'  heiagoual  in  transverse  Bcction.   The 

fibres  are  united  together  by  a  scanty 

amouiit  of  cement  substance.     The 
[  centra]  portion  (rtvckm)  of  the  lens 

11  the  hardest. 

Tiie  epithelium  of  the  lens  conaists 

of  a  layer  of  CMbical  cells  anteriorly, 

which  merges  at  the  equator  into 

the  lens  fibres.     The  development 

of  the  lens  explains  this  tranjijition. 

The  Jena  at  first  consiats  of  a  closed 

sac  composed  of  a  single  layer  of 

epithelium.     The  celh  of  the  pos- 
terior part  soon  elongate  forwards 
I  and  obliterate  the  cavity  ;  the  anterior  cells  do  not  grow,  but 

at  the  edge  they  become  eontinuoiiB  with  the  posterior  cells, 
I  which  are  gradually  developed  into  fibres  (fig.  554)*  The  principal 
I  chemic4vl  constituent  of  the  lens  is  a  proteid  of  the  globulin  class 

called  crywtnllin, 

Cornro- scleral  Jtmetion, — At  this  junction  the  relation  of  parts 
■  i^E'  551)  ts  so  important  as  to  need  a  short  description.    In  this 
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the  ^7«$ikllilke  Ic&ji.  Theljttnime 
Aie  ifkUi  up  ftft^-T  hAri^opinfr  in 
JilcoboL  1,  tlie  demmr  central 
pKTt  Qi*  undeiu ;  3»  Ihe  musoai- 
firer  external  layen,    f ^ 

{Aznold.} 
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Hf,  554* — MeridicwiBJ  aecHtm  ibxtmah  the  lens  oC  r  rabbit,    i,  InifilJii  «_ ,  ., , 

Qtltias  I  J,  tranifitiua  of  tlio  epitAelium  to  to  tb«^  fibres  ;  4,  ktm  flbfei.    0ttl}uchm.) 


!e;  c,  «pitbeliam 


oeighbonrhood,  the  iris  and  ciliary  processes  join  with  the  cornea. 
The  proper  substance  of  the  cornea  and  the  posterior  elastic 
laniina  become  continuous  with  the  iris,  at  the  a?njie  of  the  iri*^ 
and  the  iris  sends  forwards  |irocesscs  towards  the  posterior  elastic 
lamina,  forming  the  liganitiitum  jttcfmatum  iridUy  and  these  join 
with  fibres  of  the  elastic  lamina.  The  epithelial  covering  of  the 
posterior  surface  of  the  cornea  is,  as  wc  have  seen,  continuous 
over  the  front  of  the  iris.  At  the  iridic  angle,  the  compact  inner 
snbstanoe  of  the  cornea  is  looser,  and  between  the  bundles  are 
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lyiuph   spaces  filled  with    fluid,  called    the   Mpctms 
Thoy  are  little  developed  iJi  the  human  cornea. 

Tlie  sjiact?s  which  are  present  in  the  broken  up  bundles  d 
conie-fil  tiasue  at  the  angle  of  the  irie,  are  cuntiiiuoiia  with  thy 
larger  lymphiitie  apace  ot'  the  anterior  clxaraher.  Above  the  an|rlfi 
at  the  c3omeo-seleral  junction  is  a  canal,  which  la  called  the  mml 
of  ScMt^nm.      It  ia  a  Ivmphatic  t^hauuoL 

StructuTf  of  th€  Betimu — The  retina  (fig.  555)   k  a  delicite 

mejuhrane,  conaive  wiili 
the  e<.>uciivitj  dimjtal 
forwards  and  appwrtutJj 
ending  in  front,  near  the 
out^r  part  of  the  ciliif^ 
processes,  in  a  fioilj* 
notched  edge,  —  the  aw 
serrata^  but  reaJJj  m^ 
Stnted  by  the  uvea  to  tfac 
very  margin  of  the  pupil, 
It  results  from  the  expao- 
sioD  of  the  optic  Benris, 
whose  terminal  Bhrm, 
prived  of  their  extei 
white  ^iuhstance,  togetlier 
with  nervenx-dla,  it  is  o^ 
sentially  eompoaed.  Tbe 
preaence  of  uerve-oelk  m 
the  retioiv  which  mme 
into  contact  with  the  rods 
find  eones  (visual  nerve- 
epithelium)  reminds  m 
that  the  optic,  like  the 
olfactoiy  nerve,  ia  not  i 
mere  nerve,  bnt  an  out- 
growth of  the  bT»in. 

In    the   centre   of   the 

retina  is  a  round  yellui^isli 

elevated    spot,   about  ^, 

of   an    inch   (i   mmi) 

diameter,  having  a  depi 

Bion  in  the  centre^  caU«i 

after   its    discoverc^r    the 

mmetda  lut^a,  or  ^dkm  Bpot  of  Sti^imenn*}.      The  deprofiaion  in 

Bi  centre  is  called   the  fovm,  cfntfyxlis.     About  y\  of  an  mtk 

(2 '5   mm.)  to  tlie  inner  aide  of  the  yellow  spot,  is  the  point 


iiptl. 


.^^ 


Hff. 


'  SSS  ^  section  of  tbe  retmA,  chorafd^  Aikd  pAit 
ofuin  fictetiJtfc,  mudoratelf  ntAgmfled ;  tt^  mem* 
brmna  liniitiiiii^  mtenuL ;  b,  oeiitis^hTi*  U.jnt 
tntvemed  by  MtHlCT'a  iKintontaeulAr  Hhnmi 
e,  gittnfliod-«'ll  \a.ytT;  d,  intemia  luctlwTiJar 
Iftjrer;  ^  irtt^mol  Qudeu  Imyar;  /,  ext^ffmid 
mulecuLir  Ujrer ;  ff,  istenul  nueiffir  Uyer ; 
K  membnuu  limitknj  extenui,  ruimm^  aton^ 
tifi  Itjvet  pBrt  0*  If  the  l*>'ia^  of  nwia  hdiI  (ii^uen  j 
*,  piffmeot  cull  lajrcr  ,l,m,  interm^  mid  extenial 
TiMolmr  portipiu  of  thfi  choroid,  the  fln4 
oiMitfiininff  c&pillari»,  \he  meoail  largtsr  bluod- 
nwdii,  ctit  ia  traoirefaa  Hecstloo  :  fi,  «denaUc, 
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(f*pii4:!  due  or  tpkit^^.   f^P^^)  ^^^  which  the  optie  nerve  enters  the 

febaU,  aiid  begins  to  »pread  out  its  fibres  itito  the  retina. 
The  optic  nerve  pisaea  forwards  ftora  the  ventral  surface  of 
e  cerebrum  towardH  the  orliit  enclosed  in  prolongations  of  the 
membranes,  which  cover  the  brain.  This  external  sheath  at  the 
entrunce  of  the  nerve  into  the  eyeball  becomes  continuous  with 
the  sclerotic,  which  at  tliis  ^jart  is  perforated  by  holes  to  allow 
of  t!ie  passage  of  the  optic  nerve  fibrcB,  the  perforated  |iart  being 
the  himifMi  cribroi'K  Tlie  pia  mater  here  becomes  incomplete, 
and  the  aubarttchnoid  and  the 
.Bupemnichnoid  apacea  become 
l^^ntinuous.  The  pia  mater  sends 
in  processes  into  the  nerve  to 
support  the  fibres.  The  fibres 
oi  the  nerve  themselves  are 
exceedingly  fine^  and  are  sur- 
rounded by  the  mjeliti  aheatli, 
but  do  not  possess  the  ordinary 
external  nerve  sheath*  As  they 
pass  into  the  retiua  they  lose 
their  myelin  sheaths  and  proceet] 
aa  ails  cylinders.  Neuroglia 
supports  the  nerve  fibres  in  the 
optic  nerve  truT^k.  In  the  uentre 
of  the  nerve  is  a  small  artery, 
the  arterin  cejitralts  reiimE,  The 
number  of  fibres  in  the  optic 
nerve  is  said  to  be  upwards  of 
500,000.  The  axis  cylinders 
pass  on  to  the  retina,  turning 
over  the  edges  of  the  jmr-m 
opUmn,  to  be  distributed  on  the 
inner  surface  of  the  retina,  aa 
far  aa  the  ora  serrata,  as  the 
layer  of  optic  nerve- fib  res. 

The  retiua  consists  of  certain  elements  arranged  in  ten  layers 
from  within  outwanls  (figs.  555,  556,  557). 

I.  Memhrrtna  Hmttaiis  rnier^m:  This  socalled  membrane  in 
contact  with  the  vitreous  humonr  is  formed  by  the  junction 
laterally  of  the  bases  of  the  ^ni^Untaetdar  or  supp&rfinif  fiWa  of 
Miilier^  which  bear  the  same  relation  to  the  retina  as  the 
neuroglia  does  to  the  brain.  The  character  of  these  fibres  may 
be  seen  in  fig.  556. 

3-  Optic  nerve  fibres, — This  layer  is  of  very  varying  thioknesa 


iQenibrBUi?  ^  hi,  tmeleuii  of  tb«  flbt«  \ 
U  hasp  nf  the  flbro.  {Wwm  McKisn- 
dfick,  after  Btiilur.) 
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in  different  parts  of  the  retina:  it  consists  of  nen^neduflatod 
fibres  which  interlace,  and  some  of  which  are  continuoiu  witk 
processes  of  the  large  nerve-cells  forming  the  next  layer.  The 
fibres  are  supported  by  the  sustentacular  fibres.  They  become 
less  and  less  numerous  anteriorly  and  end  at  the  era  serrata, 
3.  Layer  of  ganglion  cells.     This  consists  of  large  multipolar 

nerve-cells  with  large  and 
round  nuclei,  forming  either 
a  single  layer,  or  in  sone 
parts  of  the  retina,  especi- 
ally near  the  fnacula  lutea, 
where  this  layer  is  verj 
thick,  it  consists  of  aevenl 
strata  of  nerve-cells.  They 
are  arranged  with  their 
single  axis-cylinder  pro- 
cesses inwards.  These  pia 
into  and  are  continuoiu 
with  the  layer  of  optie 
nerve  -  fibres.  £zteruallj 
the  cells  send  off  several 
branched  processes  which 
pass  into  the  next  layer. 

4.  Inner  molecular  layer, 
— This  presents  a  finely 
granulated  appearance.  It 
consists  of  neuroglia  tra- 
versed by  numerous  very 
fine  fibrillar  processes  of  tlra 
nerve-cells  just  described, 
and  the  minute  branchingB 
of  the  processes  of  the  bi- 
polar cells  of  the  next  layer. 

5.  Inner  nuclear  layer. 
— This  consists  chiefly  of 
numerous  small  round  cells, 
with  a  very  small  quantity 
of  protoplasm  surrounding 

a  large  ovoid  nucleus ;  they  are  generally  bipolar,  giving  off  one 
process  outwards  and  another  inwards.  One  process  passes  inwards 
to  form  a  synapse  with  the  arborisation  of  a  ganglion  cell, 
the  other  outwards  to  similarly  arborise  with  the  branchings  of 
the  rod  and  cone  fibres.  Some  cells,  called  spongtoblasts,  or 
aniacrine  cells,  however,  only  send  off  one  process,  which  passes 


JRg.  557.— Diagram  showing  the  nervoua  ele- 
ments of  retina,  i,  nerve  fibre  of  ganglion 
cell ;  2,  procewes  of  ganglion  cell  goin^  out- 
nrards :  3,  nerve  fibre  passing  direct  to  bipolar 


cell  in  inner  nuclear  layer ;  4,  process  of  g&Q- 
glion  cell  towards  bipolar  cell ;  ^,  fibre  m>m 
cone-granule  breaking  up  into  flbrilB  which 


arborise  ronnd  the  branches  of  bipolar  cells. 
(Prom  McKendrick,  after  Stohr.) 
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tuwards  (fig.  556).     The  large  oval  nuclei  (fig.  556)  belonging  to 
tb@  MuUdmn  fibres  oeotir  in  this  layer. 

6.  Quiet  mokeuiar  /aj^er.— Tbis   layer  oloaely   reBembles  the 
inner  molecular  layer,  but 

is  much  thinner.  It  c<mi- 
taitin  the  branchings  of  the 
rod  and  cone  fibres  on  the 
one  hand  and  of  tl^e 
bipolar  ceWs  on  the  other. 

7.  Ext^'nalnviclear layer* 
— This  layer  consiats  of 
small  eelU  i^net  11b ling  at 
first  sight  those  of  the  in- 
ternal nuclear  layer;  they 
are  c1aa»ed  as  rod  and  eone 
granules,  according  as  they 
are  connected  with  the 
rods  and  eones  reajjectively, 
and  will  be  described  with 
them.  They  are  lodged  in 
the  meshes  of  a  frame- 
work, which  is  fonned  by 
the  breaking  up  of  the 
Miillerian  fibres* 

8.  Mmnhrama     limitmu 
^xtema.^A  delicate   well- 
defined  membrane^  clearly 
marking  the  internal  limit  of  the  rod  and  eoue  layer^  and  made  up 
of  the  junction  of  the  bases  of  the  austentacular  fibres  externally* 


Fig^  TS-'^.-Tliepcwteriur  kalf  of  tbi^tetiap  of  the 
left  eye,  viewed  from  before  ;  #,  the  cut  edge 
of  the  M^lvfotEe  oo*t;  eM,  the  choroid:  r,  tkv 
rctuw  ;  in  the  interior  nt  tbci  tiuddlii  tike 
ttuuulb  lutea  with  the  dcpirwiioD  of  the  fovea 
ceDtrolift  it  icprreM^tit^  b^  a  flight  ovrI  ithjule ; 
towitfdi  tb«  kft  ifde  tb«  Ughi  Npot  iniliimtcs 
tlw  ooUJffiiliu  at  eftuneBiiQA  at  the  eQimoce  of 
the  mitie  netvie,  from  the  oentn  of  whioh  th« 
aitak  flontnlii  It  mim  wamtd^  Vtmhnmchm 


isto  the  T«ti3£B,  JenTlnii'  tbm  puC  ooctipLed  by 
fha  mftcttU  cmniuinilivetr  <^ve< 

(After  Saile.) 


fxi^^' 


mLl.i^ 


^"  "155.— tHaffiKTO  tjf  m  neetJoQ  through  hnU  the  foTe*  c*ntmll»*  i,  |j[»ngliiinje  kytr; 
4,  mtirT  uurleiur;  ti,  outer  ducJciu:  hiyL^r,  the  oAne  flbrm  timohig  the  NrxoUIed 
t3t>fn*tl  P'fnM  iitfftr;  7,  coxiefi;  nU.f.,  mumbmna  Umittuiei  vxtnna  ;  m.t.i.,  membrana 
Umitazv^  Uiteni*,    (Sch^cr  And  Golding  BircLJ 

Small   hairlike  proeesaee  project  outwards  between  the  rode  and 

fsones  to  support  them. 
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9.  Layer  of  rods  and  cones, — This  layer  is  the  nerye-epitheliiim 
of  the  retina.  It  consists  of  two  kinds  of  cells,  rods  and  ocme^ 
which  are  arranged  at  right  angles  to  the  external  limitiDg  mem- 
hrane,  and  supported  by  hairlike  processes  (basket)  proceeding  fron 
the  latter  for  a  short  distance  (fig.  556). 

The  rods, — Each  rod  (Si^,  557)  is  made  up  of  two  parts,  Teiy 
different  in  structure,  called  the  outer  and  inner  limbs.  The  outer 
limb  oi'the  rods  is  about  30/A  long  and  2/1  broad,  is  transparent,  aod 
doubly,  refracting.  It  is  said  to  be  made  up  of  fine  superimposed 
discs.  It  stains  brown  with  osmic  acid  but  not  with,  hffimatoxjlin, 
and  resembles  in  some  ways  the  myelin  sheath  of  a  medullated 
nerve.  It  is  the  part  of  the  rod  in  which  the  pigment  called  vimd 
purple  is  found.  In  some  animals,  a  few  rods  have  a  greeniah 
pigment  instead.  The  inner  limb  is  about  as  long  but  sligfatlj 
broader  than  the  outer,  is  longitudinally  striated  at  its  outer  and 

granular  at  its  inner  part. 
X  It  stains  with  hsematoxylin 

but  not  with  osmic  ackL 
Each  rod  so  constructed  is 
connected  internally  with  a 
rod  fibre,  very  fine,  but  here 
and  there  varicose;  in  the 
middle  of  the  fibre  is  a  rorf 
granule y  really  the  nucleus  of 
the  rod,  striped  broadly  tnuu- 
versely,  and  situated  about 
the  middle  of  the  external 
nuclear  layer ;  the  internal 
end  of  the  rod  fibre  terau- 
nates  in  branchings  in  the  outer  molecular  layer. 

The  cones. — Each  cone  {?ig,  557),  like  the  rods,  is  made  up  of 
two  limbs,  outer  and  inner.  The  outer  limb  is  tapering  and  not 
cylindrical  like  the  corresponding  part  of  the  rod,  and  about  one- 
third  only  of  its  length.  There  is,  moreover,  no  visual  purple 
found  in  the  cone.  The  inner  limb  of  the  cone  is  broader  in  the 
centre.  It  is  protoplasmic,  and  under  the  influence  of  light  has 
been  seen  to  execute  movements.  In  birds  there  is  often  a 
coloured  oil  globule  present  here.  Each  cone  is  in  connection  bj 
its  internal  end  with  a  cone  fibre,  which  has  much  the  same 
structure  as  the  rod  fibre,  but  is  much  stouter  and  haa  its  nucleus 
quite  near  to  the  external  limiting  membrane.  Its  inner  end 
terminates  by  branchings  in  the  external  molecular  layer. 

In  the  rod  and  cone  layer  of  birds,  the  cones  usually  pre- 
dominate largely  in  number,  whereas  in  man  the  rods  are  by 


Fig.  560.— Pigment-oeUs  from  the  retina,  a, 
oells  stiU  cohering,  seen  on  their  surface ; 
a,  nucleus  indistinctlf  seen.  In  the  other 
ceUs  the  nucleus  is  concealed  b^  the  pig- 
ment granules,  b,  two  cells  seen  in  profile ; 
a,  the  outer  or  posterior  part  containing 
scarcely  any  pigment,     x  370.    (Henle.) 
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far  the  more  numerous,  except  in  tKe  fovea  oentralie,  where 
cones  only  are  present.  The  number  of  cones  has  been  estimated 
at  3,000,000. 

10.  Pigment-cell  layer  consists  of  a  single  layer  of  polygonal 
cells,  mostly  six-sided,  which  send  down  a  beard-like  fringe  to 
surround  the  outer  ends  of  the  rods.  It  is  this  layer  which 
is  continuous  with  the  uvea,  where,  however,  the  cells  become 
rounded,  and  arranged  two  or  three  deep. 

The  next  figure  (fig.  561)  represents  the  structure  of  the  retina 
as  made  out  by  Golgi's  method. 

Bifereneea  in  Structure  of  different  parts, — Towards  the  centre 
of  the  macula  lutea  all  the  layers  of  the  retina  become  greatly 


Fig.  561.— Scheme  of  the  retinml  elements.  A,  cones  of  the  foTea  oentnlis ;  B,  gnnulea 
(nuclei)  of  these  oones;  C,  vynapee  between  the  cones  snd  bipolar  cells  in  external 
molecular  layer ;  D,  synapse  between  the  bipolar  and  ganglion  cells  in  the  internal 
molecular  layer ;  a  and  ft,  rods  and  cones  in  other  regions  of  the  retina ;  e,  bipolar  cdl 
destined  for  the  oones ;  d,  bipolar  cell  destined  for  the  rods ;  £,  e,  ganglion  rolls ; 
ft  spongioblast;  ff^  efferent  fibre  (?  trophic),  originating  tmm  the  cell  m,  in  ireniculatc 
0007;  A,  optio  nerve;  i,  terminal  arborirations  of  optic  nerve  fibres  in  grniailate 
body;  y,  llDres  from  the  cells  of  geniculate  body. on  the  wny  to  cerebral  cortex. 
(R.yCajal.)  ; 


thinned  out  and  almost  disappear,  except  the  rod  and  cone  layer, 
and  at  the  fovea  centralis  the  rods  disappear,  and  the  cones, 
especially  their  inner  segments,  are  Ipng  and  narrow.  At  the 
margin  of  the  fovea  the  layers  increase  in  thickness,  and  in  the 
rest  of  the  macula  lutea  are  thicker  than  elsewhere.  The  gan- 
glionic layer  is  especially  thickened,  the  cells  being  six  to  eight 
deep  (2,  fig.  559).  The  bipolar  inner  granules  (cone  nuclei)  are 
obliquely  disposed  (figs.  559  and  561)  on  the  course  of  the  cone 
fibres,  and  are  situated  at  some  distance  from  the  memhrana 
limitans  externa.^  which  is  cupped  towards  the  fovea  (fig.  559). 
The  yellow  tint  of  the  macula  is  due  to  a  difi'use  colouring  matter 
in  the  interstices  of  the  four  or  five  inner  layers;  it  is  absent  at 
the  centre  of  the  fovea. 
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At  the  ora  Mrrata  the  layers  are  not  perfect  and  disappear  in 
this  order :  nerve-fibres  and  ganglion  cells,  then  the  rods,  leayiog 
only  the  inner  limbs  of  the  cones,  next  these  cease,  then  the  outer 
molecular  layer,  the  inner  and  outer  nuclear  layers  coalescing, 
and  finally  the  inner  molecular  layer  also  is  unrepresented. 

At  l^e  pars-cUiaris  retinae^  the  retina  is  represented  by  a  layer 
of  columnar  cells,  derived  from  the  fusion  of  the  nuclear  layers. 
The  cells  externally  are  in  contact  with  the  pigment  layer  of 
the  retina,  which  is  continued  over  the  ciliary  processes  and  back 
of  the  iris. 

At  the  entrance  of  the  optic  nerve  the  only  structures  present 
are  nerve-fibres. 

The  chambers  of  the  eye, — The  anterior  chamber  is  the  space 
behind  the  cornea  and  in  front  of  the  iris.  It  is  filled  with 
aqueous  humour,  which  is  diluted  lymph. 

The  posterior  chamber,  or  that  behind  the  iris,  contains  the 
vitreous  humour,  which  is  a  jelly-like  connective  tissue  (see  p.  52). 
It  is  enclosed  in  a  membrane  called  m^mbrana  hyaioidea^  which  in 
front  is  Xjontinuous  with  the  capsule  of  the  lens ;  round  the  edge 
of  the  lens  the  canal  left  is, called  the  Canal  of  Petit  (fig.  545, 
p.  726),  the  membrane  itself  being  the  Zonule  of  Zinn,  Tbi 
hyaloid  membrane  separates  the  vitreous  from  the  retina^ 

Blood-vessels  of  the  Eyeball, — The  eye  is  very  richly  supplied 
with  blood-vessels.  In  addition  to  the  conjunctival  vessels  which 
are  derived  from  the  palpebral  and  lacrimal  arteries,  there  are 
at  least  two  other  distinct  sets  of  vessels  supplying  the  tunica  d 
the  eyeball,  (i)  The  vessels  of  the  sclerotic,  choroid,  and  irii, 
and  (2)  the  vessels  of  the  retina. 

(i.)  These  are  the  short  and  long  posterior  ciliary  arteries 
which  pierce  the  sclerotic  in  the  posterior  half  of  the  eyeball,  and 
the  anterior  ciliary  which  enter  near  the  insertions  of  the  recti 
These  vessels  anastomose  and  form  a  very  rich  choroidal  plexus ; 
they  also  supply  the  iris  and  ciliary  processes,  forming  a  very 
highly  vascular  circle  round  the  outer  margin  of  the  iris  and 
adjoining  portion  of  the  sclerotic. 

The  distinctness  of  these  vessels  from  those  of  the  conjunotiu 
is  well  seen  in  the  difference  between  the  bright  red  of  blood-shot 
eyes  (conjunctival  congestion),  and  the  pink  zone  surrounding  the 
cornea  which  indicates  deep-seated  ciliary  congestion. 

(2.)  The  retinal  vessels  (fig.  558)  are  derived  from  the  arfma 
centralis  retinrt,  which  enters  the  eyeball  along  the  centre  of  the 
optic  nerve.  They  ramify  all  over  the  retina,  in  its  inner  layer?. 
They  can  be  seen  by  ophthalmoscopic  examination. 


The  eye  nmy  l>e  comjiared  to  a  photogmphic  camera j  and  the 

Iliunsparent  media  correspond  to  tlie  photographic  lens.  In  such 
^  camera  images  of  external  objects  are  thrown  npon  a  ground- 
ghuia  screen  at  the  back  of  a  box,  the  interior  of  which  is  painted 
black.  In  the  eye,  the  camera  ta  represented  by  the  eyeball  with 
its  black  pigment,  the  acreeii  by  the  layer  of  rods  and  cones  of 

the  retina^  and  the  lens  by  the  refracting  media.     In  the  caac  of 

I  the  camera,  the  screen  ia  enabled  to  i*eoejve  clear  images  of  objects 
[tt  dijferent  dist^mces,  by  an  apparatus  for  focussing.  Tbe 
^oorresponditig  contrivance  in  the  eye  is  called  accommodation. 

The  irisj  which  m  capable  of  allowing  more  or  less  light  to  pa^is 
[into  the  eye,  corresponds  with  the  diaphragms  used  in  the  photo 
^r94>}iic  apparatus. 

The  refractive  media  are  the  comeaj  aqueous  humour,  crystal- 

iMne  lenSj  and  vitreous  humour.     The  most  refraction  or  bending 

&f  the  rays  of  light  occurs  where  they  pass  from  the  air  into  the 

omea ;    they  are   again  Ijeot   slightly  in  passing  through  the 

I  crystal  line   lens.     Alterations    in   the  anterior  curvature  of  the 

Iciyatallino  lens  lead  to  what   we  have  already  termed  accommo- 

tion — that  is,   the  power  the  eye  has  for  adjusting  itself  to 

bjects  at  different  distances. 

We  may  first  consider  the  refraction  through  a  simple  trans- 

I  parent    spherioal    aiirface,    separating    two    madia    of    different 

[density. 

The  rays  of  light  which  fall  upon  the  surface  exactly  perpen- 

bdicularly  do  not  suffer  refraction,  but  pass  through,  cutting  the 

Loptic  axis  (0  A,  fig,  562),  a  line  which  passes  exactly  through  the 

I  centre  of  the  surface,  at  a  certain  point,  the  trndal  point  (fig.  562,  N), 

ior  centi-e  of  curvature.     Any  rays  which  do  not  so  strike  the 

carved  surface  are  refractoil  towards  the  optic  axis,      Eays  which 

inipinge  upon  the  spherical  surface  parallel  to  the  optic  axis,  will 

meet  at  a  point  behind,  u|K>n  the  said  axis  which  is  called  the 

chief  pmterior  focm  (fig.  562,  Fj.) ;  and  again  there  is  a  point  in 

the  optic  axis  in  front  of  the  surface,  rays  of  light  from  which 

so  strike  the  surface  that  they  are  refracted  in  a  line  parallel 

with  the  axis  d  /" ;  this  [wint  (fig.  562,  Fy)  is  called  the  chit/ 

^&nterior/fjci/^.     The  optic  axis  cuts  the  surface  at  what  is  called 

I  the  principal  imnt. 

It  is  quite  obvious  that  the  eye  is  a  much  more  complicated 
(optical  apparatus  than  the  one  described  in  the  figure.     It  is, 
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however,  possible  to  reduce  the  refractive  surfaces  and  media  to 
a  simpler  form  when  the  refractive  indices  of  the  different  medii 


Fig.  56a.— Dingnun  of  «  aimple  optiMl  ij^m  (after  M.  Foster).  The  cnmd  nte^ 
ft,  tf,  is  sappoeed  to  lepaxmte  a  leea  xefractiTe  medium  towards  Oie  left  fnnaaai 
leftactiTe  medtttn  towards  the  ri^. 


These  dataareii 


=     1*37 

=     154  to  136 

{1*4  in  outer  to  I'l 
in  inner  part 
7*8  mm. 
10      „ 


and  the  curvature  of  each  surface  are  known, 
follows : — 

Index  of  refraction  of  cornea 

„  „  aqueotis  and  vitreous 

„  „  lens 

KadiuB  of  curvature  of  cornea 

„  „  anterior  surface  of  lens 

„  posterior  „  =     6      „ 

Distance  from  anterior  surface  of  cornea 

to  anterior  surface  of  lens  =     3*6    „ 

Distance  from  posterior  surface  of  cornea 

to  posterior  surface  of  lens  =     7'*    « 

Distance  from  posterior  surface  of  lens  to 
retina  =   15*0    ,. 

With  these  data,  it  has  been  found  comparatively  eigj  to 
reduce  by  calculation  the  different  surfaces  of  different  eoni- 
ture,  into  one  mean  curved  surface  of  known  curvature,  inl 
the  differently  refracting  media,  into  one  mean  medium  the 
refractive  power  of  which  is  known. 

The  simplest  so-called  schematic  eye  formed  upon  this  ptin- 
ciple,  suggested  by  Listing  as  the  reduced  eye^  has  the  foUowiDg 
dimensions : — 

From  anterior  surface  of   cornea  to  the 
principal  point  ..... 

From  the  nodal  point  to  the  posterior  sur- 
face of  lens         ..... 

Posterior  chief  focus  lies  behind  cornea     . 

Anterior  chief  focus  in  front  of  cornea 

liadius  of  curvature  of  ideal  surface 


2*3448  mm. 


'4764  mm. 
22*8237  mm. 
12*8326  mm. 

5-1248  DHL 
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The  torm  index  of  refraotioa  means  the  ratio  of  the  sine  of  tiie 
Agle  of  iocidenoe  to  that  of  the  angle  of  refraction;  tKis 
liown  in  the  next  figure. 

N 


Wki.  561.— If  P  F  is  « line  iHiioh  aepar^tM  two  media,  the  lower  one  being  the  denser,  and 


A  6  is  a  niT  of  light  falling  on  It.  it  is  bent  at  O  towards  the  normal  or  per 
UmNN'.  ▲  Oil  called  the  ineidntmy.andOB  the  refracted  ray;  AONis  called 
the  angle  of  faieideiMe  (0.  end  N'  O  B  the  an^  of  refraction  (r).    If  any  distance 
O  X  is  measured  off  along  O  A,  and  an  equal  distance  O  X'  along  O  B  and  perpen- 

dicnlars  drawn  to  N  N';  then  ir^,  =  index  of  refraction. 

In  this  reduced  or  simplified  eye,  the  principal  posterior  focus, 
about  23  mm.  behind  the  spherical  surface,  would  coriespond  to 


^E'  564.— DJngram  of  the  optical  angle. 

;ho  position  of  the  retina  behind  the  anterior  surface  of  cornea. 
The  refracting  surface  would  be  situated  about  midway  between 
the  posterior  surface  of  the  cornea  and  the  anterior  surface  of 
the  lens. 
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The  optical  axis  of  the  eye  is  a  line  drawn  through  the  centns 
of  curvature  of  the  cornea  and  lens,  prolonged  hackwards  to 
touch  the  retina  between  the  porus  opticus  and  fovea  centnlii, 
and  this  differs  from  the  visual  axis  which  passes  through  the 
nodal  point  of  the  reduced  eye  to  the  fovea  centralis ;  this  fon» 
an  angle  of  5^  with  the  optical  axis.  But  for  practical  purposes 
the  optical  axis  and  the  visual  axis  may  be  considered  to  be 
identical.  The  visual  or  optical  angle  (i\g.  564)  is  included 
between  the  lines  drawn  from  the  borders  of  any  object  to  the 
nodal  point ;  if  the  lines  be  prolonged  backwards  they  include 
an  equal  angle.  It  has  been  shown  by  Helmholtz  that  the 
smallest  angular  distance  between  two  points  which  can  he  appRt 
ciated  =  50  seconds,  the  size  of  the  retinalrimage  being  3*65  ; 


Fig*'.  565.— Diagram  of  the  oouiie  of  the  rays  of  light,  to  iAkiw  bow  ah  image  ii 

upon  retina.    The  surface  C  O  ahould  be  eupposed  to  repreeent  the  Ideal  cufratm. 

this  practically  corresponds  to  the  diameter  of  the  cones  at  the 
fovea  centralis  which  =  3/x,  the  distance  between  the  centm 
of  two  adjacent  cones  being  =  4/w.. 

Any  object,  for  example,  the  arrow  A  B  (fig.  565),  maybe 
considered  as  a  series  of  points  from  each  of  which  a  pencU  d 
light  diverges  to  the  eye.  Take,  for  instance,  the  rays  diverging 
from  the  tip  of  the  arrow  A ;  C  C  represents  the  curvature 
of  the  schematic  or  reduced  e^e ;  the  ray  which  passes  throu^ 
the  centre  of  the  circle  of ^  which  C  C  is  part  is  not  refracted; 
this  point  is  represented  as  an  asterisk  in  fig.  565  ;  it  is  near 
the  posterior  surface  of  the  crystalline  lens ;  the  ray  A  C, 
which  is  parallel  to  the  optic  axis  0  0',  is  refracted  through  ^ 
principal  posterior  focus  P,  and  cuts  the  first  ray  at  the  point  A' 
on  the  retina.  All  the  other  rays  from  A-  meet  at^the  same 
point.  Similarly  the  other  end  of  the  arrow  B  is  fectissed  art  tf, 
and  rays  from  all  othet  points  have  corresponding  focuses. 

It  will  thus  be  seen  that  an  inverted  image  of  external  e^jecti 
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formed  on  the  retina.  The  retiim  m  a  curved  ecreeii,  but 
the  images  fall  only  on  a  small  area  of  the  retina  under  normal 
circurastanues  ;  hence  for  pmutieal  purj>o9os  thh  auiall  areu  may 
be  regarded  as  flat^ 

The  tjueHtioD  then  arises,  Why  is  it  that  objects  do  not  appear 
U8  to  Ik?  upside  down  ?  This  b  easily  unilerstood  whea  we 
ememher  that  the  senmiion  of  sight  occurs  not  iu  the  eye,  but 
|ii  the  brain.  By  education  the  brain  learns  that  the  tops  of 
bbjectfi  exclt^e  certain  portiona  of  the  retinE^  and  the  lower  parts 
6bject8  other  portions  of  tiio  retina.  That  these  portions  of 
tie  retina  are  reversed  In  position  to 
Ihe  parts  of  the  object  does  not  matter 
It  all,  any  more  than  it  matters  when 
j&ne^s  photograph  arrives  home  from 
^he  photognipher'a  that  it  \vi\%  wrong 
lay  up  in  the  photognvpher's  camera 
-one  puts  it  right  way  up  in  the 
(iiotograph  albxmi. 


Accommodation, 


Fig.  566h— BiKgraia  thowiog'  thre« 
fttflecdoDS  of  a.  candle,  i^  FrODi 
the  uiteiLuT  HiiHAe«  of  oorodA ; 
if  from  tb«  Kateiior  aurf &c»  of 
leoMi  jp  frcHD  the  poat^Hor 
ptirfap?  of  leiu.    For  further 

Gxpeiimeat  in  bvi^t  i>ejrfi)nni]Nl 
by  fmiiloFViJp  an  iii»triizDeiit 
invpntM  by  Ht-^imbolLET  twined 
a  Ph/tkogetfpe  (fee  ftg.  56^}. 


The  power  of  accozumodationf   or 

lie  Qfhipiatkm  of  the  e^e  to  visij^i  at 

HfffTeiit  dintmiceft,  is  primarily  due  to 

II  ability  to  vary  the  shape  of  the  lens; 

,  front  surface  becomes  more  or  less 

avex,  aceoriling  as  the  distance  of  the 

bbject  looked  at  is  near  or  far     The  nearer  the  object,  the  more 

&nvex,  up  to  a  certain  limits  the  front  surface  of  the  ieiis  become^ 

nd  r^K-f  vei-m  ;  the  back  surface  takes  no  share  in  the  production  of 

the  effect  required.     The  posterior  surf  ace,  which  during  rest  is 

oore  convex  than  the  anterior,  is  thua  rendered  the  \em  convex  of 

be  two  dftring  accommodation.    The  following  simple  eisperiment 

lustra t€s  this  point :  If  a  lighted  candle  be  held  a  little  to  one 

"side  of  a  person's  eye  an  observer  looking  at  the  eye  from  the 

k other  side  sees  three  images  of  the  flame  (fig.  566).  The  iirst 
md  brightest  is  (i)  a  small  erect  image  formed  by  the  anterior 
Convex  surface  of  the  cornea;  the  second  (2)  is  also  erect,  but  larger 
^d  less  distinct  than  the  preceding,  and  is  formed  at  the  anterior 
convex  surface  of  the  lens ;  the  tliird  (3)  is  smaller,  inverted,  and 
indistinct ;  it  is  foi-med  at  the  posterior  surface  of  the  lens,  which 
in  concave  forwards,  and  therefore,  like  all  concave  mirrors, 
gives  an  inverted  image.  If  now  the  eye  under  observation  ia 
made  to  look  at  a  near  object,  the  second  image  becomes  smaller, 
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clearer,  and  approaches  the  first.  If  the  eye  is  now  adjusted  for 
a  far  point,  the  second  image  enlarges  again,  becomes  less  distinct^ 
and  recedes  from  the  first.  In  both  cases  the  first  and  third 
images  remain  unaltered  in  size,  distinctness,  and  position.  This 
proves  that  during  accommodation  for  near  objects  the  cunrature 
of  the  cornea,  and  of  the  posterior  surface  of  the  lens,  remain 
unaltered,  while  the  anterior  surface  of  the  lens  becomes  more 
coB?vex  and  approaches  the  cornea. 

The  experiment  is  more  striking  when  two  candles  (represented 
by  arrows  in  fig.  567)  arc  used,  and  the  images  of  the  two  candlci 
from  the  front  surface  of  the  lens  during  accommodation  not  only 


Fig.  567.~Diagnun  of  Sanson's  imaxes.  A,  when  the  ejes  are  not,  and  B,  when  thcf 
are  focuamd  for  near  objects.  The  fig.  to  the  right  in  A  and  B  is  the  inrerted  ioig^ 
from  tiie  posterior  surface  of  the  lens. 


approach  those  from  the  cornea,  but  also  approach  one  another, 
and  become  somewhat  smaller.  {San^cnCs  Imogen.^  Helmholtz*8 
Phakoscope  (fig.  568)  is  a  triangular  box  with  arrangements  for 
demonstrating  this  experiment. 

Mechanism  of  accommodation, — The  lens  having  no  inherent 
power  of  contraction,  its  changes  of  outline  must  be  produced  bt 
some  power  from  without ;  this  power  is  supplied  by  the  dliarr 
muscle.  Its  action  is  to  draw  forwards  the  choroid,  flkid  bj  so 
doing  to  slacken  the  tension  of  the  suspensory  ligament  oi  the 
lens  which  arises  from  it.  The  anterior  surface  of  ^e  laot  is 
kept  flattened  by  the  action  of  this  ligament.  The  dliaiy  mmcle 
during  accommodation,  by  diminishing  its  tension,  diminkhes  to 
a  proportional  degree  the  flattening  of  which  it  is  the  cause.  On 
diminution  or  cessation  of  the  action  of  the  ciliary  muade^  tlie  leos 
returns  to  its  former  shape,  by  virtue  of  the  elasticity  of  the  mnpen- 
sory  ligament  (fig.  569).  From  this  it  will  appear  that  the  eje  is 
usually  focussed  for  distant  objects.  In  viewing  near  objeett  the 
ciliary  muscle  contracts ;  the  ciliary  muscle  relaxes  on  withdrawal 
of  the  attention  from  near  object8,  and  fixing  it  on  thoae  distuit 
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Ran^e  nf  Dintiiici  Visiott,     iWnr-jDfjnif. — In  every  eye  tLere  is 
A  rtinitr  to  the  power  of  aooommodatiou.     If  a  book  be  brought 


Kp*  ^6R.'  Pljiikoflft>iJt^  uf  Ili'linlioltz.  At  7?  It'  fiire  two  inrlriUu,  br  which  the  hjfhl  of  ^ 
candle  in  cocKHioitraUU  on  thfl  eyo  of  theperwn  eitpuduiuitod  with,  whioh  i»  Lotikiuf 
thruu^h  a  hcilp  Id  ike  third  jLaglL>  of  th«  bax  oppiMiil^.'  to  the  vhkdov  C.  A  u  the 
aperture  tvT  tb^  ey;e  of  th«  obaei^tr.  Tbe  observer  noritxi*  three  double  imafett  reptfo- 
^Mantt*^  by  arrtpwu.  in  fljr*  s<?".  r^Ueirted  from  the  <«ye  undei'  esE^miti&tioa  when  tlveej^^fa 
fljE^  up<m  It  di-^tJint  object,  the  petition  of  the  mmuiw  buna^  been  iioti^ed,  the  efe 
Im  then  mftde  to  focufi  il  niair  oh]«et.  hucIi.  ilk  «  r«d  punb^  up  »t  (7;  the  hui]ig>ai  from 
the  ttiiCerioi-  ftUTface  of  the  len?<  will  be  obmnried  In  more  towmtda  each  other,  in 
^L    eoneequenee  of  tim  muface  uf  Uie  leiu  bot^omlnt  mmv  (sauv&L. 

nearer  and  nearer  to  the  eye,  the  type  at  last  boeoraes  iiiiHstinct, 
and  cannot  be  brought  into  focus  by  any  efTort  of  acLJommodation, 


S%»  569. — DuHfnun  l-epreiiQithiff  bf  dutted  Imefl  tite  iLLtemtiou  in.  iLu  ahiipiji  of  the  l&ia  oo. 
~  Ation  for  dcki  obj  ecte .    [E.  Iiuidolt. ) 
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however  strotig.     This,  which  ia  termed  the  near-prnni^  can  \^ 

determined  by  the  following  experiment  (Srhemfr).  Two  kbhU' 
holej*  are  pricked  \n  a  card  vv  ith  a  pin  not  more  than  a  twelftl] 
au  mch  {2  mm,)  apart;  at  any  rate  their  dislatjce  from  e«jch 
muH  not  exceed  the  diameter  of  the  piipiJ.  The  oard  is  heli 
in  front  of  the  eye,  and  a  small  needle  viewed  through  ihe  pinholei. 
At  a  modenite  distance  it  can  he  clearly  foeussed,  but  wfcen 
brought  nearer,  t>ejond  a  certain  point,  the  image  appears  doubk 
or  at  any  rate  blurred.  This  point  where  the  needle  ceases  is> 
appear  single  is  the  near-point.  Its  distance  from  the  eye  cm 
of  conrse  be  readily  meaaured.  It  is  usually  about  5  or  6  imAim 
(13  cm.').  In  the  accompanying  figure  (fig.  570)  the  lens  h  ftprt. 
sent^  the  eye ;  €/  the  two  pin-holes  in  the  card,  nn  the  reUnij 
a  represents  the  position  of  the  needle.     When  the  needle  is  at 
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Fig*  570,— BUgrua  of  expodiiieDt  to  uoertain  the  pfiin^Tnum  di«t&aoe  of  diatlfiet  t-Mm 

moderate  distance,  the  two  pencils  of  light  coming  from  t  asd/ 
are  focnssed  at  a  single  point  on  the  retina  nn.  If  the  needk  ia 
brought  nearer  than  the  near-point,  the  strongest  eftbrt  of  aeeom- 
modatton  iu  not  sufficient  to  focus  the  two  pencils,  they  meet  m  «, 
point  behind  the  retina.  Tlie  effect  is  the  same  as  if  the  n?tm 
were  shifted  forward  to  mm.  Two  imiiges  h.(/.  are  formed^  oui 
from  each  hole.  It  is  interesting  to  note  that  when  two  imairei  j 
are  produced,  the  lower  one  ^^  really  appears  in  the  |>of5itiou  %j 
while  the  upper  one  appeals  in  the  position  p.  This  may 
readily  verified  by  covering  the  holes  in  sueeeasion. 

During  accommodation  two  other  changes  take  place  in  tht 
eyear 

(i)  The.  et^e$  convrr^/€  owing  to  the  action  of  the  internal  rectiuj 
Duiscle  of  each  eyeball. 

(z)   The  pvp lis  CO n tract . 

The  contraction  of  all  of  the  muscles  which  have  to  do  witb 
accommodation,  viz.  of  the  ciliary  mnscle,  of  the  internal  recti 
muscles,  and  of  the  sphincter  pnpiUee  is  nnder  the  control  of  thg 
tliird  nerve.  "^ 


KRROKS    OF    REFRACTION. 

The  fteeonnt  of  ftceomTnodation  tm  given  in  the  preceding  [>&gm  is  tme  for 
tn&n  and  otbpr  ninmmALs,  birds  nnc!  certnin  reptiles. 

Beer  has>  ho^eveft  abown  thftt  in  many  atLitnalu  lower  in  the  Bcale^  the 
mechanism  of  aecomibodation  v&r ieti  a  good  deal^  and  is  often  very  different 
from  that  JumI  de^rib^n  eonsiBtIn)?,  in  fact^  in  a  power  of  altering  the 
distance  betweiin  the  lens  aud  tbe  retina. 

In  bony  fishes,  thi;  eye  at  re^t  ib  at^commodated  for  near  objects ;  in 
focnssing  for  distant  objects  the  kxm  m  drawn  nearer  to  the  retina  by  a 
flpeeial  moflcle  called  Ihe  reimet^ir  leath.  In  cephatapods  Ibe  same  occurs, 
bat  the  retraelor  lenti»  {»  absent ;  here  the  ap|>roacb  of  the  lens  to  the  retina 
U  brought  aboat  hy  an  alteration  of  intra-ocular  tension.  In  Amphibia  and 
moBt  snakes,  the  eje  at  ri^t  is  focused  for  distant  objects  i  in  accommodating 
I  for  n.'^r  objects  the  lens,  by  alteration  of  intra-ocnhir  tenfilon,  is  brought 
I  forward^  tJiat  is,  the  distance  between  it  and  the  reiina  \fi  inQfenm^.  There 
appear  to  be  not  a  few  animals  in  all  elasees  which  do  not  possess  the  power 
oi  accommodation  at  all.    Indeed,  Barrett  states  this  is  so  for  most  mammals. 

Defects  in  the  Optical  ApPARATtJS* 

Uoder   this   head    we    may  consider    the   defects    known    aa 

^(i)  Myopia,   (2}  Hyper  me  tropia,  (3)  Aatigtimtisiii,  (4)  Spherical 

kl»6iTattQt],  (5)  Clironmtic  Aberration. 

The  Qormal  (emmetropic)  eye  is  bo  adjuated  that  parallel  rays 

I  mm  brought  exactly  to  a  focus  on  the  retina  without  any  effort  of 

aecommodation  (i,  flg.  571)-     Hence  all  objecta  except  near  ones 

1  (practically  all  objecte  more  than  twenty  feet  off)  are  seen  without 

I  any  effort  of  acoommodation  ;  in  other  words,  the  far-point  of  the 

normal  eye  is  at  an  itifinite  distance,     lu  viewing  near  objects  we 

are  conscious  of  the  effort  {the  contraction  of  the  ciliary  muscle) 

by  which  the  anterior  surface  of  the  lens  is  rendered  more  cotive?;, 

and  mys  which  would  otherwise  be  focussed  itt^htnd  the  retiun  are 

converged  upon  the  retina  {see  dotted  lines  2,  hg.  571)' 

I*  Miopia  (short-sight)  {4,  fig,  5 7 1 ).^Thb  defect  is  due  to  an 
abnomaal  elongation  of  the  eyebalL  The  retina  is  toa  far  from 
the  lens  and  conaequently  parallel  rays  are  focussefi  in  front  of 
the  retina,  and,  crossing,  form  little  circles  on  the  retma;  thus 
the  images  of  distant  olijects  ftre  blurred  and  indistinct.  The  eye 
ifl,  as  it  were,  penimnently  adjuated  for  a  near- point.  Rays  from 
ftt  point  near  the  eye  are  eiactly  focuased  in  the  retina.  But 
thoee  which  issue  from  any  object  beyond  a  certain  distance  (far- 
poini)  cannot  be  distinctly  focusaed.  This  defect  is  corrected  by 
eon^Mie  glasses  which  cauge  the  rays  entering  the  eye  to  diverge : 
hence  they  do  not  come  to  a  focus  so  soon.  Such  glasses  of 
course  are  only  needed  to  give  a  clear  vision  of  distant  objecti§. 
For  near  objects^  except  in  extreme  cases,  they  are  not  required. 
2.  Nypermetfvpia  (3,  fig.  57^)* — -This  is  the  reverse  defect. 
The  eyeball  is  too  short.  Parallel  rays  are  focussed  hfhind  the 
retina  :  an  effort  of  accommodation  is  required  to  focns  even  parallel 
rays  on  the  retina ;  and  when  they  are  divergent,  as  in  viewing 
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a  near  object,  the  accommodation  ia  inaiitficiept  to  fcx:ia 
Thus  in  well-omrked  cme&  distant  objects  ret|iiire  an  e&rt  irf 
accommodatitm,  and  near  OTies  a  very  powerfid  eflbrt,  and  tbedbilT 
muscle  18^  therefore,  constantly  acting.     This  defect  is  obviated  by 


ti$.  571*— Di«^fnu£k»  Bhawiiig--r,  nottt*!  irmwH^wyfe)  9f«  brtuffng  pvsUfll  «yi 
to  L  tocm  QU  thi  nUiu ;  t^  Qormtl  m  vdiptwd  to  m  neu^poiat »  witbont  ico 
dmUm  the  imji  inlaid  be  fn^Mcd  twlilaa  tS«  rctiitt,  but  bw  InmidBf  tlMOOT 
0f  tha  ADtemi-  nirfuv  of  the  ksu  i  ahawm  br  a  do(A«d  liam  thm  mf§  *i«  noHnd 
nMnA  (M  iiuUnldd  by  tbe  me<tiii^  efi  tbe  t«Q  dotted  llnet] ;  j.  hgpfrw^rv^e  i 
» tfae  ioie  of  tbp  ?fe  i«  vliinti^  tiuDi  nofmal ;  f»niUel  mfm  *n  fmniMrrt 


tbit  ieti&«;  4f  iitff'^i^  <^«;  m  ibis  etm  the  n^i  of  the  ej«  i«  abnorniftltr  Ismi 
pataild  nf*  «!« fbeti«iH?d  m  f hmt  of  tbe  f$iixm.  Tbe  %tsn  £D«i*n«tlr  n|ffw>*ili  v* 
i«fnu^u>n  oit  onrarrtnjf  onl)'  in  the  cfTvtalUae  lcn«|  the  piladpftl  i«&HtiDn  tHilf 
oecoFn  M  tbe  eatnieir  ffiitf&r«  of  tbe  f^onupn, 

the  wsf&  of  convfx  glaaseji,  \vhicJ]  render  the  j^ueils  of  light  cdotv 
convergent  Such  glasses  are  of  course  especially  needed  forniftf 
obje^ta,  as  in  reading,  ^c.  They  rm%  the  vye  by  relieving  th« 
oiUafy  muscle  from  emceosive  work* 
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3.  AtUgfnaiimn, — This  defect^  which  was  first  discovered  by 
Aiiy,  is  due  to  a. greater  curvature  of  the  eye  in  one  meridian 
than  in  others.  The  eye  may  be  even  myopic  in  one  plane  and 
hypermetropic  in  others.  Thus  vertical  and  horizontal  lines 
crossing  each  other  cannot  both  be  focussed  at  once ;  one  set  stand 
out  clearly  and  the  others  are  blurred  and  indistinct  This  defect, 
which  is  present  in  a  slight  degree  in  all  eyes,  is  generally  seated 
in  the  oomea,  but  occasionally  in  «the  lens  as  well ;  it  may  be 
corrected  by  the  use  of  cylindrical  glasses  (t.e.,  curved  only  in 
one  direction). 

4.  S^pkerieal  Aberration, — The  rays  of  a  cone  of  light  from 
an  object  situated  at  the  side  of  the  field  of  vision  do  not  meet 
all  in  the  same  point,  owing  to  their  unequal  refraction  ;  for  the 
refraction  of  the  rays  which  pass  through  the  circumference  of  a 
lens  is  greater  than  that  of  those  traversing  its  central  portion. 
This  defect  is  known  as  spherical  aberration,  and  in  the  camera, 
telescope,  microscope,  and  other  optical  instruments,  it  is  remedied 
by  the  interposition  of  a  screen  with  a  circular  aperture  in  the 
path  of  the  rays  of  light,  cutting  off  all  the  marginal  rays  and 
only  allowing  the  passage  of  those  near  the  centre.  Such  correc- 
tion is  effected  in  the  eye  by  the  iris,  which  prevents  the  rays 
from  passing  through  any  part  of  the  refractive  apparatus  but  its 
centre.  The  posterior  surface  of  the  iris  is  coated  with  pigment, 
to  prevent  the  passage  of  rays  of  light  through  its  substance. 
The  image  of  an  object  will  be  most  defined  and  distinct  when 
the  pupil  is  narrow,  the  object  at  the  proper  distance  for  vision, 
and  the  light  abundant;  so  that,  while  a  sufficient  number  of 
rays  are  admitted,  the  narrowness  of  the  pupil  may  prevent  the 
production  of  indistinctness  of  the  image  by  spherical  aberration. 

Distinctness  of  vision  is  further  secured  by  the  pigment  of  the 
outer  surface  of  the  retina,  the  posterior  surface  of  the  iris  and 
the  ciliary  processes,  which  absorbs  the  greater  part  of  light 
that  may  be  reflected  within  the  eye,  and  prevents  its  being 
thrown  again  upon  the  retina  so  as  to  interfere  with  the  images 
there  formed. 

5.  Chromatic  Aberration, — In  the  piissage  of  light  through  an 
ordinary  convex  lens,  decomposition  of  each  ray  into  its  elementary 
colours  commonly  ensues,  and  a  coloured  margin  appears  around 
the  image,  owing  to  the  unequal  refraction  which  the  elementary 
colours  undergo.  In  optical  instruments  this,  which  is  termed 
chromatic  abeiration,  is  corrected  by  the  use  of  two  or  more 
lenses,  differing  in  shape  and  density,  the  second  of  which 
continues  or  increases  the  refraction  of  the  rays  produced  by 
the. first,  but  by  recombining  the  individual  parts  of  each  ray 
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into  its  original  white  light,  corrects  any  chromatic  abemtioD 
which  may  have  resulted  from  the  first.  It  is  probable  that  the 
unequal  refractive  power  of  the  transparent  media  in  front  of  the 
retina  may  be  the  means  by  which  the  eye  is  enabled  to  goatd 
against  the  effect  of  chromatic  aberration.  The  human  eje  is 
achromatic,  however,  only  so  long  as  the  image  is  received  at  its 
focal  distance  upon  the  retina^  or  so  long  as  the  eye  adapts  itself 
to  the  different  distances  of  sight.  If  either  of  these  conditions 
be  interfered  with,  a  more  or  less  distinct  appearance  of  coloun  b 
produced. 

From  the  insufficient  adjustment  of  the  image  of  a  small  white 
object,  it  appears  surrounded  by  a  sort  of  halo  or  fringe.  This 
phenomenon  is  termed  Irradiation,  It  is  for  this  reason  that  a 
white  square  on  a  black  ground  appears  larger  than  a  black  square 
of  the  same  size  on  a  white  ground. 

Defective  Accommodation — Presbyopia. — This  condition  is  due 
to  the  gradual  loss  of  the  power  of  accommodation  which  is  an 
early  sign  of  advancing  years.  In  consequence  the  penon 
is  obliged  in  reading  to  hold  the  book  further  and  further  awaj  in 
order  to  focus  the  letters,  till  at  last  the  letters  are  held  too  far  for 
distinct  vision.  The  defect  is  remedied  by  weak  convex  glasses. 
It  is  due  chiefly  to  the  gradual  increase  in  density  of  the  leoi^ 
which  is  unable  to  swell  out  and  become  convex  when  near 
objects  are  looked  at,  and  also  to  a  weakening  of  the  dliazy 
muscle,  and  a  general  loss  of  elasticity  in  the  parts  concerned  in 
the  mechanism. 

Functions  of  thb  Iris. 

The  iris  has  three  uses  : — 

1 .  To  act  as  a  diaphragm  in  order  to  lessen  spherical  abem- 
tion  in  the  manner  just  described. 

2.  To  regulate  the  amount  of  light  entering  the  eye.  In  a 
bright  light  the  pupil  contracts;  in  a  dim  light  it  enlarges. 
This  may  be  perfectly  well  seen  in  one's  own  iris  by  looking  at 
it  in  a  mirror  while  one  alternately  turns  a  gas-light  up  and 
down. 

3.  By  its  contraction  during  accommodation  it  supports  the 
action  of  the  ciliary  muscle. 

The  muscular  fibres  (unstriped  in  mammals,  striped  in  birds) 
of  the  iris  are  arranged  circularly  around  the  mai^n  of  the 
pupil,  and  radiatingly  from  its  margin.  The  radiating  fibres  are 
best  seen  in  the  eyes  of  birds  and  otters ;  some  look  upon  them 
as  elastic  in  nature,  but  there  is  little  doubt  that  they  are  con- 
tractile.     Those  who    believe  they  are  not  contractile  explain 


dUatatioii  of  the  pupil  as  due  to  inhibition  of  the  circular  fibres. 
But  if  the  iris  is  stimulated  uear  its  outer  margin  at  three 
different  points  simultaneously  the  pupil  assumes  a  triangular 
&hape,  the  angles  of  the  triaugle  correspond iug  to  the  points 
stimulated ;  thia  must  be  due  to  coutractioti  of  three  strands  of 
the  radiating  muscle ;  inhibition  of  the  circular  fibres  would 
occur  equally  all  round, 

The  iris  is  supplied  by  three  sets  of  nerve-fibres  contained  in 
the  ciliary  nerves, 

(ft)  Tlie  third  nerve  supplies  the  circular  fibres. 

(h)  The  cervical  sympathetic  supplies  the  radiating  fibres. 
The  cUio-spitial  centre  which  governs  thom  is  iu  the  cervical 
region  of  the  cord  (see  p.  651). 

(r)  Fibres  of  the  fifth  nerve  which  are  probably  sensory. 

The  experiraeuts  on  these  nervea  are  those  of  section  and 
stimulation  of  the  peripheral  ends  ;  the  usual  experiments  by 
which  the  functions  of  a  motor-nerve  are  discovered. 
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'  Both  nerves  together  . 


Expetimiilt. 

Section     . 
Bdmulatioii 
S(?ction     . 
Btiraulatioa 

BtimaLation 


Bfl^i  on  pupil. 


Dil&tAtion. 
Contractiao, 
CoTj  traction. 
Dilatation, 

Contra42tjon   overcomes 
the  dilatation. 


Certaui  drugs  dilate  the  pupih     These  are  called  mydriatics ; 

[mttopine  is  a  well-known    example.     Others  cause  the  pupil  to 

(contract.     These  are  called  miotics ;  physostigmine  and  opium 

(taken  internally)  are  instances.     Different  myotics  and  mydriatics 

act  in  different  ways,  some  exerting  their  activity  on  the  muscular, 

and  others  on  the  nervous  structures  of  the  iris. 

Refiex  actiom  of  the  triV, — When  the  irb  contracts  under  the 
influence  of  light,  the  sensory  nerve  is  the  optic,  and  the  motor 
the  third  nerve.  The  central  connection  of  the  two  nerves  in 
the  region  of  the  mid-brain  we  shall  see  later  on  {fig.  5  84,  p.  770)* 
The  iris  also  contracts  on  accommodation ;  and  the  reflex  path 
concerned  in  this  action  is  a  diflerent  one  from  that  concerned  in 
the  light  reflex,  as  this  reflex  often  remains  in  cases  of  locomotor 
ataxy,  after  there  is  an  entire  loss  of  the  reflex  to  light  (Ar^U- 
Robertson  pupil). 

On  painful  stimulation  of  any  part  of  the  body,  there  ii 
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dilatation  of  the  pupil.  This  is  acoompanied  by  starting  of  the 
eyeballs,  due  to  contraction  of  the  plain  muscle  in  the  capsule  of 
Tenon,  which,  like  the  dilatator  fibres  of  the  iris,  is  sui^died  bj 
the  cervical  sympathetic  nerve. 

We  may  sum  up  the  principal  conditions  under  which  the  pupil 
contracts  and  dilates  in  the  following  table  : — 

Causes  of — 


Oontraotion  of  the  PupU.  i 

1.  Stimulation  of  third  nerve. 

2.  Paralysis  of  cervical  sympathetic. 

3.  When  the  eye  is  exposed  to  light.  ' 

4.  When  accommodation  occurs.        I 

5.  Under   the    local    influence    of 

physostigmine. 

6.  nn(&r  the  influence  of  opium. 

7.  During  sleep. 


Dilatation  of  the  PuplL 

1.  Paralysis  of  the  third  nerve. 

2.  Stimulation  of  the  cervical  tjmf^ 

thetic. 

3.  In  the  dark. 

4.  When  the  accommodation  is  teUzed. 

5.  Under  the  local  influence  of  ttzo- 

pine.    This  drug  also  panUjM 
the  ciliary  muBcle. 

6.  In  the  last  stage  of  asphyxia. 

7.  In  deep  chloroform  narcosis. 

8.  Under    the    influence    of   cezttii 

emotions,  such  as  fear. 

9.  During  pain. 


There  is  a  close  connection  of  the  centres  that  govern  tin 
activity  of  the  two  irides.  If  one  eye  is  shaded  by  the  hand,  iti 
pupil  will  of  course  dilate,  but  the  pupil  of  the  other  eye  will 
also  dilate.  The  two  pupils  always  contract  or  dilate  t^getiw 
unless  the  cause  is  the  local  injury  to  the  nerves  of  one  side  or 
the  local  action  of  drugs. 

FUXCTIONS   OP   THE    RbTINA. 

The  Retina  is  the  nervous  coat  of  the  eye  ;  it  contains  the 
layer  of  nerve-epithelium  (rods  and  cones)  which  is  capable  of 
receiving  the  stimulus  of  light,  and  transforming  it  into  a  nerroos 
impulse  which  passes  to  the  brain  by  the  optic  nerve. 

The  bacillary  layer,  or  layer  of  rods  and  cones,  ^  is  at  ^ 
back  of  all  the  other  retinal  layers,  which  the  light  has  to  pene- 
trate before  it  can  affect  this  layer.  The  proofs  of  the  statement 
that  it  is  the  layer  of  the  retina  which  is  capable  of  stimulation 
by  light  are  the  following : — 

( I )  The  point  of  entrance  of  the  optic  nerve  into  the  retina, 
where  the  rods  and  cones  are  absent,  is  insensitive  to  light,  and  a 
called  the  blind  spot.  The  phenomenon  itself  is  yeacy  readilj 
demonstrated.  If  we  direct  one  eye,  the  other  being  okMed, 
upon   a  point   at   such   a  distance   to  the  side  of   any  object, 
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that    the    Image    of  the    latter   miiBt  fall    upon   the    retina  at 

tbe  point  of  entrance  of  the  optic  nerve,  this  imago  is  lost     If, 

tfor  e^atupte,  we  cloee  tbe  left  eye,  and  direct  the  aiis  of  the  right 


eye  steadily  towards  the  circular  spot  be  re  represented,  while  the 
I  page  IB  held  at  a  distance  of  about  six  inches  from  the  eye,  both 
I  dot  and  cross  are  visible.  On  gradually  increasing  the  distance 
I  between  the  eye  and  the  object,  by  removing  the  book  farther  and 
t  farther  from  the  face,  and  atill  keeping  the  right  eye  steadily  on 
I  the  dot,  it  will  be  found  that  suddenly  the  cross  disappears  from 
I  Tiew,  while  on  removing  the  book  still  farther,  it  suddenly  comes 

in  sight  again.     The  cause  of  this  pheuoraenon  is  simply  that  the 

portion  of  the  retina  which  is  occupied  by  the  entrance  of  the  optic 
[fierre  is  quite  blind;  and  therefore  wlien  the  images  of  objects 
yhXl  on  it  they  cease  to  be   visible.      By  a  psychical  process  the 

blind  spot  is  not  normally  perceived, 

(2)  In  the  fovea  centralis  and  macula  in  tea  which  contain  rods 
tftnd  cones  but  no  op  tie  nerve- fibres,  and  in  which  the  other  layers 
I  of  the  retina  are  thinned  down  to  a  minimum,  light  producei 
I  the  greatest  efiect     In  the  latter  situation,  oones  occur  in  large 

nberSf  and  in  the  former  cones  without  rods  are  found,  whereas 
JIb  the  rest  of  the  retina  which  is  not  so  sensitive  to  light,  there 
fewer  cones  than  rods.     We  may  conclude,  tberefore,  that 
ones  are  even  more  important  to  vision  than  rods. 

(3)  If  a  small  Ugh  ted  candle  is  moved  to  and  fro  at  the 
of  and  close  to  one  eye  in  a  dark  room  while  the  eyes 
steadily  forward  into  the  darkness,  a  remarkable  branching 

figure  {PurkinJ€^»  figures)  is  seen  floating  before  the  eye,  consist^ 
'  ing  of  dark  lines  on  a  reddish  ground.  As  the  candle  moves,  the 
figure  move«  in  the  opposite  direction,  and  from  its  whole  appear- 
ance there  can  be  no  doubt  that  it  is  a  reversed  picture  of  the 
retinal  vessels  projected  before  the  eye.  This  remarkable  appear- 
ance is  due  to  shadows  of  the  retinal  vessels  cast  by  the  candle. 
Under  ordinary  circumstances,  the  brain  has  learnt  to  disregard 
these^'  shadows,  and  it  is  only  when  they  are  thrown  upon  the 
retina  in  an  unusual  slanting  direction  that  they  are  perceived. 
The  branches  of  those  vessels  are  distributed  in  the  nerve-fibre  and 
ganglionic  layers  ;  and  since  the  light  of  the  candle  falls  on  the 
retinal  vessels  from  in  front,  the  shadow  is  cast  behind  them,  and 
hence  those  elements  of  the  retina  which  perceive  the  shadows 
must  also  lie  behind  the  vessels.  Here,  then,  we  have  a  clear 
proof  that  the  lightrperceiviug  elements  of  the  retina  are  not  the 
inner  layers  of  the  retina,  but  the  external  layer  of  the  retina, 
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the  rods  and  cones  of  which  indeed  are  the  spedal  terminatioM 
of  the  optic  nerve-fibres. 

Duration  of  Vimal  Senmtioru. — The  duration  of  the  leniatioi 
produced  by  a  lummous  impression  on  the  retina  is  always  gretter 
than  that  of  the  impression  which  produces  it.  However  biirf 
the  luminous  impression,  the  effect  on  the  retina  always  laiU 
for  about  one-eighth  of  a  second.  Thus,  supposing  an  object  b 
motion,  say  a  horse,  to  be  revealed  on  a  dark  night  by  a  flash  d 
lightning.  The  object  would  be  seen  apparently  for  an  eighth  d 
a  second,  but  it  would  not  appear  in  motion  ;  because,  althoogji 
the  image  I'emained  on  the  retina  for  this  time,  it  was  resllj 
revealed  for  such  an  extremely  short  period  (a  flash  of  tightniag 
being  almost  instantaneous)  that  no  appreciable  movement  on 
the  part  of  the  object  could  have  taken  place  in  the  period  dur- 
ing which  it  was  revealed  to  the  retina  of  the  obaerver.  TIm 
same  fact  is  proved  in  a  reverse  way.  The  spokes  of  a  rapidfy 
revolving  wheel  are  not  seen  as  distinct  objects,  because  at  eroj 
point  of  the  field  of  vision  over  which  the  revolving  spokei 
.  pass,  a  given  impression  has  not  faded  before  another  replaces  it 
Thus  every  part  of  the  interior  ol  the  wheel  appears  occupied. 

The  after-sensations  are  called  afier-imagu.  They  are  of  tn 
kinds,  positive  and  negative.  Positive  after-images  are  tboi 
which  resemble  the  original  image  in  distribution  of  light  ail 
shade,  -  and  colour.  Negative  after-images  which  occur  ate 
strong,  and  especially  after  prolonged,  excitation  of  the  retioi, 
are  those  in  which  the  light  parts  appear  dark,  the  dark  ptiti 
light,  and  the  coloured  parts  of  the  opposite  or  contiait 
colour.  Hence  the  image  of  a  bright  object^  as  of  the  panes  of 
a  window  through  which  the  Hght  is  shining,  may  be  peroaved  m 
the  retina  for  a  considerable  period,  if  we  have  previously  kept 
our  eyes  fixed  for  some  time  on  it.  But  the  image  in  this  case  ii 
negative.  If,  however,  after  shutting  the  eyes  for  some  time^  we 
open  them  and  look  at  an  object  for  an  instant,  and  again  okw 
them,  the  after-image  is  positive. 

The  Ophthalmo8CX>pe. 

Every  one  is  perfectly  familiar  with  the  fact^  that  it  is  qiute 
impossible  to  see  the  fundus  or  back  of  another  person's  eye  h 
simply  looking  into  it.  The  interior  of  the  eye  forms  a  perfectlj 
black  background.*     The  same  remark  applies  to  an  ordinaij 

*  In  some  animals  (^.^.,  the  cat),  the  pigment  is  absent  from  a  portiQi 
of  the  retinal  epitheliam  ;  this  forms  the  Tapetum  Ifi^idum.  The  an  d 
this  IS  supposed  to  be  to  increase  the  sensitiyeneaa  of  the  letiiia,  the  Ugbt 
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photogrftphie  camera,  and  may  be  illustrated  by  the  diffioulty 
we  experience  ID  aeeing  into  &  room  from  the  street  through 
the  window  unless  the  room  is  lighted  within.  In  the  cfase 
of  the  eye  this  fact  is  partly  due  to  the  feeblenesa  of  the  light 
reflected  from  the  retina,  most  of  it  being  absorbed  by  the  retinal 
pigment ;  but  far  more  to  the  fact  that  every  such  ray  is 
reflected  straight  to  the  soume  of  light  (^,^7.,  caadle),  and  cannot, 
therefore,  be  seen  by  the  uuaided  eye  without  interceptiDg  the 
tuoident  light  from  the  caodle,  as  well  aa  the  reflected  ray  a 
from  the  retina.  This  difficulty  is  surmounted  by  the  use  of  the 
cphthfiimoscope. 

The  ophthalmoscope  was  invented  hy  Helmholtz  ;  as  a  mjrror 
for  reflecting  the  Hght  into  the  eye,  he  employed  a  bundle  of 
thin  gla^  plates  ;  this  miiTOr  was  transparent^  and  so  he  was 
able  to  look  through  it  io  the  same  direction  as  that  of  the  rays 
of  the  light  it  reflected.  It  is  almost  inipossihle  to  over-estimate 
the  boon  this  iuatrument  has  been  to  mankind  ;  previons  to  this 
in  the  examination  of  cases  of  eye  disease,  the  principal  evidence 
on  which  the  surgeon  had  to  rely  was  that  derived  from  the 
patient's  sensations  j  now  he  can  look  for  himself. 

The  instrumeLit,  however^  has  been  greatly  modified  since 
Helmholtz's  time ;  the  principal  modification  being  the  substitu- 
tioii  of  a  concave  mirror  of  silvered  glass  for  the  bundle  of  gltxss 
plates  J  this  is  mounted  on  a  handle,  and  is  perforated  in  the 
centre  by  a  small  hole  through  which  the  observer  can  look. 


The  melbods  of  examialng  the  eje  mth  this  instrametit  ore — the  direct 
'  and  the  indirect ;  both  tncsthoda  of  investigation  shonld  be  employed.  A 
drop  of  a  solution  of  atropinii  (two  grftina  to  the  ounce)  or  of  honmtropine 
hyrtrobromat^*,  ebotild  be  iDBtilleii  abrint  twenty  miantea  h^tom  the 
eittmination  ii  commentjcd  ;  the  eiliary  tnuBcle  19  therebj  paralysed,  the 
power  of  ftccommodatiou  Is  aWUsbed,  and  the  pupil  la  dilated*  Thia  will 
matetiftlly  facilitate  the  examination  ;  but  it  is  qnite  poaalble  to  obaerve  all 
tbe  deUilft  to  he  presently  described  withoot  tlie  use  ^f  luch  drugs,  Tbe 
room  being  now  darkened,  tbe  observer  aeatB  himself  in  front  of  the 
person  whom  eye  he  is  about  to  e^tamine,  pJacmg  himself  upon  a  some- 
virhat  higher  level.  Let  us  Kuppose  that  the  right  eye  of  the  patient  is 
being  examined.  A  brilUaBtr  and  steady  light  is  placed  close  to  the  left 
ear  of  tbe  patient*  Takiiig  the  mirrof  in  his  nght  hand,  and  looking 
through  the  central  hole,  the  operator  directs  a  beam  of  light  into  the  eye 
of  the  patients  A  red  gl ate*,  knowna  as  f  Ar?  retif^Xf  is  seen  ;  it  is  due  to  the 
illumination  of  the  retina.  The  patient  is  then  told  to  look  at  the  little 
finger  of  the  obser?ex"»  right  hand  aa  he  holds  the  minor  j  to  effect  this  the 


'  being  reflected  back  throuigh  the  layer  of  roda  and  ©ones.  It  is  certftinly 
the  case  that  tbese  animals  are  able  to  see  clearly  with  less  light  than  we 
can,  bence  the  popular  Idea  that  a  cat  can  see  id  the  dark.  In  fishes  a 
tapetam  lucidum  Is  often  present ;  here  the  brightness  is  increased  by 
crystals  of  guanine^ 
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eye  is  rotated  somewhat  inwards,  and  at  the  same  time  the  reflex  cbainei 
from  red  to  a  lighter  colour,  owing  to  the  reflection  from  theo^cdfiae.  fie 
obserTer  now  approximates  the  mirror,  and  with  his  eje  to  toe  ejje  o(  the 
patient,  taking  care  to  keep  the  light  fixed  upon  the  pupil,  so  as  not  to  Iok 
the  reflex.  At  a  certain  point,  which  varies  with  diflferent  ieyes,  but  is  JuaaJHj 
reached  when  there  is  an  interval  of  aboat  two  or  three  inehetf  between  the 
observed  and  the  observing  eye,  the  tendt  qftke  retina  will  become  Tldi)lt 
Examine  carefully  the  fundus  of  the  eye,  ».<?.,  the  red  surface — until  tA^M^v 

diio  is  seen ;  trace  its  ciicolar  ontliDt 
and  observe  the  small  cestial  white  ipot 
the  porus  opticas,  or  phyHole^ieal  pt: 
near  the  centre  is  the  central  arteijof 
the  retina  breaking  up  upoil  the  disc  into 
branches;  veins  alao  are  present,  aid 
correspond  roughly  to  the  course  ol  the 
arteries.  Trace  the  vessels  over  the  dk 
on  to  the  retina.  Somewhat  to  the  ooto 
side,  and  only  visible  after  some  pll^ 
tice,  is  the  yellow  spot,  with  the  sou^kr 
lighter-coloured  fovea  centralis  in  in 
centre;  This  constitutes  the  direct  method 
of  examination ;  by  it  the  various  detiib 
of  the  fundus  are  seen  as  they  really  east, 
and  it  is  this  method  which  should  be 
adopted  for  ordinary  use.    ' 

If  the  observer  is  myopic  or  hypen» 
tropic,  he  will  be  unable  to  emploj  \k 
direct  method  of  examination  until  k  \ 
has  remedied  his  defective  vision  by  tk 
use  of  proper  glasses. 

In  the  indirect  method  the  pat^l 
placed  as  before,  and  the  operator  ho)i 
the  mirror  in  his  right  hand  at  a  dist^a 
of  twelve  to  eighteen  inches  from  tk 
patient's  ri^t  eye.  At  the  same  time  ke 
rests  his  left  little  finger  lightly  upoo  the 
right  temple,  knd  holding  a  convex  I^  b6> 
tween  his  thumb  and  f  orefinger,two  orthne 
inches  in  front  6f  the  patient's  eye,  dhedi 
the  light  through  the  lena  into  the  eye.  the 
red  reflex,  and  subeequtotly  the  w^ 
one,  having  been  gained,  the  opexitsr 
slowly  moves  his  noirror,  and  with  ithii 
eye,  towards  or  away  from  the  face  of  the 
patient,  until  the  outline  of  one  of  the 
retinal  vessels  becomes  visible,  when  very  slight  movements  on  the  part  <rf 
the  operator  will  suffice  to  bring  into  view  the  details  of  the  fundus  tbm 
described,  but  the  image  will  be  much  smaller  and  inverted.  The  upeir- 
auces  seen  are  depicted  in  fi;?.  558.  The  lens  should  be  kept  fixed  tti 
distance  of  two  or  three  inches,  the  minor  alone  being  moved  until  the  dbe 
beo^mes  visible  :  should  the  image  of  the  mirror,  however,  obscure  the  &, 
the  lens  may  be  slightly  tilted. 

The  two  next  figures  show  diagrammatically  the  course  of  the  njsd 
light. 

^^?-  573  represents  what  occurs  when  employing  the  direct  method.  S  i 
the  source  of  light,  and  M  M  the  concave  mirror  with  its  central  apertvt 
which  reflects  the  rays :  these  are  focussed  by  the  eye  E,  which  is  1^ 
examined,  to  a  j>oint  in  the  vitreous  humour. 'and  this  prodnoes  a  ditme 


rig.  572.— The  ophthmlmoscoiw.  The 
small  upper  mirror  is  for  direct, 
the  larger  for  indirect  iUuniiia- 
tion. 
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Ughting  of  the  interior  of  the  eyeball.  Rays  of  light  ifisning  from  the  point 
P  emerge  from  the  eye  pandldl  to  one  another,  and  enter  the  observer's  eye 
a* ;  they  are  brought  to  a  focus  p^  on  the  retina  as  the  eye  is  accommodated 
for  distant  vision.  Similarly  the  point  m  and  n  will  give  rise  to  images  at 
••'  and  Ji'  respectively. 

Fig.  574  represents  what  occni-s  in  examining  the  eye  by  the  indirect 
method. 

S  is  the  source  of  light,  M  M  the  mirror,  E  the  observed,  and  E^  the 


'ig*  573>'-The  ooune  of  the  light  in  ftTamining  the  eye  by  the  direct  method. 
(T.  G.  Brodie:^ 


^   observing  eye  as  before.     The  rays  of  light  are  reflected  from  the  mirror 

f^  ftnd  form  an  image  at  o^ ;  they  then  diverge  and  are  again  made 'convergeut 

hy  the  leus  L  held  in  front  of  the  eye  by  the  observer ;  by  this  means  a 


I^g.  574- 


-The  coimte  of  the  light  in  examining  the  eye  by  the  indirect  method. 
(T.  G.  Brodie.) 


second  image  is  focussed  just  behind  the  ciystalline  lens  of  the  eye  E.  They 
then  again  diverge  and  diffusely  light  up  the  interior  of  the  eyeball.  The 
rays  of  light  reflected  from  two  points  i  and  m  on  the  retina  diverging 
from  the  eye  are  refracted  to  the  glass  lens  L,  and  give  an  inverteci  real 
image  i^  m}  larger  than  the  object  i  m.  These  latter  rays  then  diverge,  and 
are  collected  and  focussed  by  the  observing  ,cye  E^  to  give  an  image  ^  7;^ '  on 
the  retina.    (T.  G.  Brodie.) 
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The  Perimeter. 

This  is  an  iustrument  for  mapping  out  the  field  of  yisioa  It 
'consists  of  a  graduated  arc,  which  can  he  moved  into  any  poeiUoD, 
and  which  when  rotated  traces  out  a  hollow  hemisphere.  In 
the  centre  of  this  the  eye  under  examination  is  placed,  the  other 
eye  being  closed.  The  examiner  then  determines  on  the  surface 
of  the  hemisphere  those  points  at  which  the  patient  just  ceases  or 
just  begins  to  see  a  small  object  moved  along  the  arc  of  the  cirde. 
These  points  are  plotted  out  on  a  chart  graduated  in  degrees,  and 
by  connectmg  them  the  outline  of  the  field  of  vision  is  obtained. 

Fig.  575  shows  one  of  the  forms  of  perimeter  very  generaUj 
employed,  and  fig.  576  represents  one  ot  the  charts  provided  with 
the  instrument.  The  blind  spot  is  shown,  and  the  dotted  line 
represents  the  normal  average  field  of  vision  for  the  right  eye. 

It  will  be  seen  that  the  field  of  vision  is  most  extensive  on  the 
outer  side ;  it  is  less  on  the  inner  side  because  of  the  presence  of 
the  nose. 

By  the  use  of  the  same  instrument,  it  is  found  that  the  colour 
of  a  coloured  object  is  not  distinguishable  at  the  margin,  but  onlj 
towards  the  centre  of  the  field  of  vision,  but  there  are  difierencea 
for  different  colours;  thus  a  blue  object  is  seen  over  a  wider 
field  than  a  red,  and  a  red  over  a  wider  field  than  a  green  object 

In  disease  of  the  optic  nerve,  contraction  of  the  field  of  vision  for 
white  and  coloured  objects  is  found.  This  is  often  seen  before  anj 
change  in  the  optic  nerve  is  discoverable  by  the  ophthalmoscope. 


The  Fovea  Centralis. 

This  is  th^  region  of  most  acute  vision  ;  when  we  want  to  see 
an  object  distinctly  we  look  straight  at  it.  It  is  also  the  region 
where  the  colours  of  objects  are  best  distinguishable.  It  is, 
however,  stated  to  be  less  sensitive  from  one  point  of  view  than 
the  zone  immediately  surrounding  it ;  that  is  to  say,  the  minimum 
intensity  of  white  light  which  will  cause  an  impression  is  some- 
what greater.  But  with  this  exception,  the  sensibility  of  the 
retina  diminishes  steadily  from  centre  to  circumference. 

The  yellow  spot  of  one's  own  eye  can  be  rendered  evident  by 
what  is  called  Clerk-Maxweirs  experiment :— on  looking  through 
a  solution  of  chrome-alum  in  a  bottle  with  parallel  sides,  an  oral 
purplish  spot  is  seen  in  the  green  colour  of  the  alum.  This  is 
due  to  the  pigment  of  the  yellow  spot. 
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Colour  Sensations. 

If  a  ray  of  sunlight  is  allowed  to  pass  through  a  prism, 
it  is  decomposed  by  its  passage  into  rajs  of  different  ooloiin, 
which  are  called  the  colours  of  the  spectrum;  they  are  red, 
orange,  yellow,  green,  blue,  indigo,  and  violet.  The  red  rays 
are  the  least  turned  out  of  their  course  by  the  prism,  and  the 
violet  the  most,  whilst  the  other  colours  occupy  in  order  places 
between  these  two  extremes.  The  differences  in  the  colour  of  the 
rays  depend  upon  the  rapidity  of  vibrations  producing  each,  the 
red  rays  being  t^e  least  rapid  and  the  violet  the   most    In 

addition  to  the  coloured 
rays  .of  the  spectrum, 
there  are  others  whieh 
are  invisible  but  which 
have  definite  properties; 
those  to  the  left  of  the 
red  are  less  refrangihle, 
being  the  calorific  rays 
which  act  upon  the  ther- 
mometer, and  those  to  the 
right  of  the  violet,  which 
are  called  the  actinic  or 
chemical  rays,  h&Ye  a 
powerful  chemical  action. 
White  light  may  be  built  from  its  constituents  either  phyti- 
cally,  as  by  a  second  prism  reversing  the  dispersion  produced  hy 
the  first,  or  physiologically  by  causing  the  colours  of  the  spect^m 
to  fall  on  the  retina  in  rapid  succession.  The  best  way  to  study 
the  effects  of  mixing  colour  sensations  is  by  means  of  a  rapdly 
revolving  disc  to  which  two  or  more  coloured  sectors  are  fixed.  Each 
colour  is  viewed  in  rapid  succession,  and  owing  to  the  persistence 
of  retinal  impressions,  the  two  or  more  constituent  colour  impres- 
sions blend  and  give  a  single  compound  colour.     (Maxwell.) 

White  light  can  be  produced  by  the  mixture  of  the  three 
primary  colours,  or  even  of  two  colours  in  certain  proportions. 
These  pairs  of  colours,  which  are  roughly  red  and  greenish  blue, 
orange  and  blue,  and  violet  and  yellow,  are  called  complementary. 
The  colours  are  not  of  equal  stimulation  energy,  otherwise  they 
might  be  arranged  around  a  circle;  they  are  more  properly 
arranged  in  a  triangle,  with  red,  green,  and  violet  at  the  angles 
(fig.  577).  The  red,  green,  and  violet  are  selected  on  the  theoiy 
of  Helmholtz  that  they  constitute  the  three  primary  colonr 
sensations ;  other  colour  sensations  are  mixtures  01  these. 


^^%'  577.— Coloxur  triangle. 


Thus,  the  orange  and  yellow  between  the  red  and  green  are 
mixturea  of  the  red  and  green  aenaations  j  the  bine  a  mixture  of 
green  and  violet ;  and  the  pnrples  (which  are  not  represented  in 
the  spectrum)  of  red  and  violet. 

Join  the  three  angles  red,  green,  and  violet,  and  one  gets  white 
light  i  or  join  the  blue  and  orange,  which  comes  to  the  same 
things  and  one  also  gets  white. 

Blae  und  orange  €tu  Ma3C well's  disc  g-ive  white  ;  but  it  is  well  ktiown  that 
A  mixture  of  blue  and  orange  paint  gives  green  ;  bow  cru  one  ejcj^lain  this  ? 
Suppose  the  paint  is  laid  on  white  puper  ;  the  white  light  from  the  pa[)er  on 
ica  waj  to  the  eye  paiigoa  through  trari^pfLrent  par  titles  of  bluo  atid  oraii^ 
pigment  ;  the  blue  particles  only  let  the  green  and  vi^tlet  !?en»fttioEs*  rt?acb 
the  eye,  and  cot  ofi  the  red  ;  the  yellow  particlea  only  let  the  red  and  i^reen 
th roughs  aad  cut  off  the  violet.  The  red  and  violet  bting  thus  out  oil,  the 
green  aeiiBation  ia  the  only  one  which  reaches  the  eye. 

The  eiperiments  which  led  Helmholtz  and  others  to  the  selec- 
tion of  green,  redi  and  violet  as  the  three  fundamental  colour 
sensations  were  performed 
in  this  way  ;  the  eje  under- 
goes e^chaustion  to  a  colour 
when  exposed  to  it  for  some 
time ;  suppose^  for  instance, 
the  eye  is  fatigued  for  red» 
and  IS  then  exposed  to  a 
pure  yellow  light,  such  as 
that  given  off  by  the 
sodium  tiame,  the  yellow 
then  appears  greenish;  or 
fatigue  the  eye  for  green 
and  then  expose  it  to  blue, 
the  blue  will  have  a  violet 
tint.      By  the  repetition  of 

numerous  experimetits  of  this  kind,  it  was  found  that  the  fatigue 
eiperienced  manifeetcd  itaelf  in  three  colours,  red,  green,  and 
violet)  which  were  therefore  selected  as  the  three  fundamental 
colour  sensations.  It  was  also  found  that  these  three  cplour 
sensations  could  not  be  produced  by  any  pombioiition  of  other 
colour  sensations. 

The  theory  of  colour  vision  constructed  on  these  data  waa 
origitjated  by  Thoniaa  Young,  and  independently  discovered  and 
elaborated  by  Helmholtz.  It  is  consequently  known  as  the 
Youug-Helmholtz  theorj\  This  theory  teaches  that  there  are  in  the 
retina  rods  or  cones  which  answer  to  each  of  thene  primary  colours, 
whereas  the  innumerable  intermediate  shades  of  colour  are  pro- 
K  duoed  by  stimulation  of  the   three   primary  colour  terminals  in 


PijpT,  57S.— Diii^tim  of  the  three  primary  colour 
iieiiHatianfi.  (Young-Helo^hulU  Ujeoo",)  i*  i* 
the  red  ;  3,  green,  and  ^.  vir>K*t,  piiTuwyoi>li:>ur 
■«n(ution.  The  letteno^  ittdimt^iw  tfaci'  coLouta 
of  thiB  Apectnuu.  The  aiftgnun  indicAUn  by 
the'  hd^t  of  the  curre  to  vliiit  t^tent  the 
WTcml  pnmjuT  maaUonn  of  cx^loar  aie  tx* 
niibd.  by  ^hmtlotm  of  dlffiitvut  WMVe  leiifrtbs. 
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different  degrees,  the  senBation  of  white  being  produced  when  (be 
three  elements  are  equally  excited.  Thus  if  the  retina  is  stimu- 
lated by  rajs  of  certain  wave  length,  at  the  red  end  of  the 
spectrum,  the  terminals  of  the  other  colours,  green  and  Tiolei, 
are  hardly  stimulated  at  all,  but  the  red  terminals  are  strongly 
stimulated,  the  resulting  sensation  being  red.  The  orange  rajs 
excite  the  red  terminals  considerably,  the  green  rather  mcMre,  sad 
the  violet  slightly,  the  resulting  sensation  being  that  of  orangey 
and  so  on  (fig.  577). 

Another  theory  of  colour  vision  (Hering's)  supposes  that  there 
are  six  primary  colour  sensations,  viz. : — three  pairs  of  antagonistic 
or  complemental  colours,  black  and  white,  red  and  green,  and  yellow 
and  blue ;  and  that  these  are  produced  by  the  changes  either  of 
disintegration  or  of  assimilation  taking  place  in  certain  substanon, 
somewhat  it  may  be  supposed  of  the  nature  of  the  visual  purple, 
which  (the  theory  supposes)  exist  in  the  retina.  Each  of  the 
substances  corresponding  to  a  pair  of  colours,  is  capable  of 
undergoing  two  changes,  one  of  construction  and  the  other  of 
disintegration,  with  the  result  of  producing  one  or  other  colour. 
For  instance,  in  the  white-black  substance,  when  disintegntioii 
is  in  excess  of  construction  or  assimilation,  the  sensation  is  white, 
and  when  assimilation  is  in  excess  of  disintegration  the  reverse  is 
the  case ;  and  similarly  with  the  red-green  substance,  and  with 
the  yellow-blue  substance.  When  the  repair  and  disintegratioD 
are  equal  with  the  first  substance,  the  visual  sensation  is  grey; 
but  in  the  other  pairs  when  this  is  the  case,  no  sensation  oocun. 
The  rays  of  the  spectrum  to  the  left  produce  changes  in  the  red- 
green  substance  only,  with  a  resulting  sensation  of  red,  whilst  the 
(orange)  rays  further  to  the  right  affect  both  the  red-green  and 
the  yellow-blue  substances ;  blue  rays  cause  constructive  changes 
in  the  yellow-blue  substances,  but  none  in  the  red-green  and  lo 
on.  These  changes  produced  in  the  visual  substances  in  the  retina 
are  perceived  by  the  brain  as  sensations  of  colour. 

Neither  theory  satisfactorily  accounts  for  all  the  niunennis 
complicated  problems  presented  in  the  physiology  of  colour  visioQ. 
One  of  these  problems  is  colow  blindness  or  Daltonism^  a  by  00 
means  uncommon  visual  defect.  One  of  the  commonest  forms  is 
the  inability  to  distinguish  between  red  and  green.  Helmholts's 
explanation  of  such  a  condition  is,  that  the  elements  of  the  retina 
which  receive  the  impression  of  red,  etc.,  are  absent,  or  very 
imperfectly  developed,  and  Hering's  would  be  that  the  red-greeu 
substance  is  absent  from  the  •  retina.  Other  varieties  of  colour- 
blindness in  which  the  other  colour-perceiving  elements  are  ahsent 
have  been  shown  to  exist  occasionally. 
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Hering's  theory  appears  to  meet  the  difficulty  best,  for  if  the 
red  element  of  Helmholtz  were  absent,  the  patient  ought  not  to 
be  able  to  perceive  white  sensations,  of  which  red  is  a  constituent 
part:  whereas,  according  to  Hering^s  theory,  the  white-black 
Tisual  substance  remains  intact. 

The  two  theories  that  have  just  been  described  may  be  called 
the  classical  theories  of  colour  vision,  at  any  rate  they  are  those 
which  have  been  for  the  longest  time  before  the  scientific  world. 
As  faots  have  accumulated  it  has  been  for  some  years  recognised 
that  many  such  facts  could  not  be  reconciled  with  either  theory ; 
and  modifications  of  one  or  the  other  theory  have  been  from 
time  to  time  introduced. 

The  observations  recently  made  by  C.  J.  Burch  are  of  con- 
siderable importance;  the  following  is  a  brief  account  of  his 
methods  and  results. 

He  finds  that  by  exposing  the  eye  to  bright  sunlight  in  the  focus 
of  a  burning  glass  behind  transparent  coloured  screens  it  is  pos- 
sible to  produce  temporary  colour  blindness.  After  red  light,  the 
observer  is  for  some  minutes  red-bUnd,  scarlet  geraniums  look 
black,  yellow  flowers  green,  and  purple  flowers  violet.  After 
violet  light,  violet  looks  black,  purple  flowers  crimson,  and  green 
foliage  richer  than  usual.  After  light  of  other  colours,  corre- 
sponding effects  are  produced.  If  one  eye  is  made  purple-blind, 
and  the  other  green-blind,  all  objects  are  seen  in  their  natural 
colours,  but  in  exaggerated  perspective,  due  to  the  difficulty  the 
brain  experiences  in  combinmg  the  images  from  the  two  eyes. 

By  using  a  brightly-illuminated  spcctnmi,  and  directing  the 
eye  to  certain. of  its  colours,  the  eye  in  time  becomes  fatigued 
and  blind  for  that  colour,  so  that  it  is  no  longer  seen  in  the 
spectrum.  Thus,  after  green  blindness  is  induced  the  red  ap- 
pears to  meet  the  blue,  and  no  green  is  seen.  If,  however^  the 
eye  is  exposed  to  yellow  light,  it  does  not  similarly  become  blind 
for  yellow  only,  but  for  red  and  green  too.  This  supports  the 
Young-Helmholtz  theory  that  the  sensation  yellow  is  one  com- 
pounded of  the  red  and  green  sensations.  By  an  exhaustive 
examination  of  the  different  parts  of  the  spectrum  in  this  way  it 
thus  becomes  possible  to  differentiate  between  the  primary  coloiu* 
sensations  and  those  which  are  compound.  By  a  study  of  this 
kind,  Burch  concludes  that  the  phenomena  of  colour  vision  are  in 
accordance  with  the  Young-Helmholtz  theory,  with  the  important 
addition  that  there  is  a  fourth  primary  colour  sensation,  namely, 
blue.  He  could  not  discover  that  colour  sensations  are  related 
to  each  other  in  the  sense  indicated  by  Hering.  Each  may  be 
exhausted  without  either  weakening  or  strengthening  the  others. 
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These  observations  were  confirmed  by  examining  in  a  nmibr 
way  the  colour  sensations  of  seventy  other  people,  but  there  are 
inividual  differences  in  the  extent  to  which  the  colour  sensations 
overlap. 

Changes  in  the  Betina  during  activity. 

The  method  by  which  a  ray  of  light  is  able  to  stimulate  the 
endings  of  the  optic  nerve  in  the  retina  in  such  a  manner  that  a 
visual  sensation  is  perceived  by  the  cerebrum  is  not  yet  under- 
stood. It  is  supposed  that  the  change  effected  by  the  agency 
of  the  light  which  falls  upon  the  retina  is  in  fact  a  chemical 
alteration  in  the  protoplasm,  and  that  this  change  stimulates 
the  optic  nerve-endings.  The  discovery  of  a  certain  temporary 
reddish-purple  pigmentation  of  the  outer  limbs  of  the  retinal  rodi 
in  certain  animals  (^.^.,  frogs)  which  had  been  killed  in  the  dark, 
forming  the  so-called  rhodopsin  or  vistud  purple,  appeared  hkelj 
to  offer  some  explanation  of  the  matter,  especially.:A8  it  was  also 
found  that  the  pigmentation  disappeared  when  the  retina  was  ex- 
posed to  light,  and  reappeared  when  the  light  was  removed,  and 
also  that  it  imderwent  distinct  changes  of  colour  when  other  than 
white  light  was  used.  It  was  also  found  that  if  the  operation 
were  performed  quickly  enough,  the  bleached  image  of  a  bright 
object  (optogram)  might  be  fixed  on  the  retina  by  soaking  the  retina 
of  an  animal  which  has  been  killed  in  the  dark,  in  alum  solution. 

The  visual  purple  cannot  however  be  absolutely  essential  to  the 
due  production  of  visual  sensations,  as  it  is  absent  from  the  retinal 
cones,  and  from  the  macula  lutea  and  fovea  centralis  of  the  human 
retina,  and  does  not  appear  to  exist  at  all  in  the  retinse  of  many 
animals,  e.g.,  bat,  dove,  and  hen,  which  are,  nevertheless,  possessed 
of  good  vision. 

However  the  fact  remains  that  light  falling  upon  the  retina 
bleaches  the  vistud  purple,  aud  this  must  be  considered  as  one  of 
its  effects.  If  it  produces  chemical  changes  in  other  substances 
these  must  be  colourless  and  so  extremely  difficult  to  discover. 
The  rhodopsin  is  derived  in  some  way  from  the  black  pigment 
(melanin  or  f  uscin)  of  the  polygonal  epithelium  of  the  retina,  since 
the  colour  is  not  renewed  after  bleaching  if  the  retina  is  detached 
from  its  pigment  layer.  .  Certain  pigments,  not  sensitive  to  light, 
are  contained  in  the  inner  segments  of  the  cones.  These  coloured 
bodies  are  oil  globules  of  various  colours,  red,  green,  and  yellow, 
called  chroniopham.es,  and  are  found  in  the  retinas  of  marsupiab 
(but  not  other  mammals),  birds,  reptiles,  and  fishes.  Practically 
nothing  is  known  about  the  yellow  pigment  of  the  yellow 
spot.     Another   change   produced   by   the   action   of   the   light 
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Ufxm  the  fetina  m  the  movement  of  the  pigment  cdk.  On  being 
ttimulated  by  light  the  grauules  of  pigment  in  the  cells  which 
overlie  the  outer  part  of  the  rod  and  cone  layer  of  the  retina 
pass  down  into  the  proceases  of  the  cells,  which  bang  down 
between  the  rods  ;  these  fnelanin  or  Jusein  gmnules  are  generally 
rod-shaped,  and  look  almost  like  cryauils.  In  achiition  to  this  a 
.  m&vem^U  of  the  cort^s  and  possibly  of  the  rods  occurs,  aa  has 
been  already  incidentally  mentioned  ;  in  the  light  the  cones 
shorten  and  in  the  dark  they  lengthen  (Engelmann). 

According  to  the  careful  researches  of  Dewar  and  McKendrick, 
and  of  Holmgren,  it  appears  that  the  stimulus  of  light  is  able 
to  produce  a  tniriation  of  iht  natural  thctrical  curreni&  of  the 
retina.  The  current  is  at  first  increased  and  then  diminished  ; 
thia  ia  the  electrical  expression  of  those  chemical  changes  in  the 
retina  of  which  we  have  already  spoken. 

Movements  op  the  Eyeball. 

Protrusion  of  the  eyeballs  occurs  (i)  when  the  blood-vessels  of 
the  orbit  are  congested ;  (2)  when  contraction  of  the  plain 
muscular  fibres  of  the  capsule  of  Tenon  takes  place ;  these  are 
innervated  by  the  cervical  sympathetic  nerve;  and  (3)  in  the 
disease  called  eiophthalmic  goitre. 

RttractiQn  occurs  (i)  when  the  lids  are  closed  forcibly;  (2) 
when  the  blood-vessels  of  the  orbit  are  comparatively  empty  ; 
(3)  when  the  fat  in  the  orbit  is  reduced  in  quantity^  as  during 
atarvation  ;  and  (4)  on  section  or  paralysis  of  the  cervical 
sympathetic  nerves. 

The  most  important  movementa,  however,  are  those  produced 
by  the  six  ocular  muscles. 

The  ejKball  possesseji  the  jwwer  of  movement  arotind  three  axes  indicated 
in  fig.  579.  viE.  an  antcro-poaterior,  Hi  Teriical,  and  »  tmofiverscj  passLn 
through  a  centre  of  rotation  a  Uule  behind  the  centre  of  the  opiie  axli. 
The  moveoients  are  accomplished  by  pairs  of  muscles. 


Direction  of  movement* 
Inwards   »        ,        ,        * 
Outwards    *        .        ,        ♦ 

Upwards  ,        .        .        * 
Downwards 
Inwards  and  upwards 
Inwards  and  downwanls 
Oatwanla  and  upwards    , 
Outwards  and  downwarda  . 


B7  wh&t  mnaoles  aooompUah^d* 

Internal  rectus. 

External  rectus. 

Suprior  rectus. 

Inferior  obliquCi 
\  Inferior  rectus, 
i  Superior  oblique. 
J  1  eternal  and  superior  rectos. 
I  Inferior  oblique 
(  lattirual  and  iufcrior  ix^ctus, 
"f  Sujierior  oblique. 
I  Kitcri^al  and  SQjK'riLir  rucius. 
\  Inferinr  obi iq tie/ 
I  ExLfenial  and  Inferior  rectus, 
I  Superior  oblique. 


76^ 


THE    BYE    AND    VISION. 


[CH.  LV. 


These  muscles  are  all  supplied  by  the  third  nerve  except  the 
superior  oblique  which  is  supplied  by  the  fourth  and  the  external 
rectus  by  the  sixth  nerve. 

The  muscles  of  the  two  eyes  act  simultaneously,  so  that  images 
of  the  objects  looked  at  may  fall  on  corresponding  points  of  the 
two  retinae.  The  inner  side  of  one  retina  corresponds  to  the 
outer  side  of  the  other,  so  that  any  movement  of  one  eye  iDwards 
must  be  accompanied  by  a  movement  of  the  other  eye  outwardi 


^iS-  579.— Diagram  of  the  axes  of  rotation  to  the  eye.    The  thin  lines  indicate  am  d 
rotation,  the  thick  the  position  of  muscular  attaohmeni. 

If  one  eyeball  is  forcibly  fixed  by  pressing  the  finger  against  it  so 
that  it  cannot  follow  the  movement  of  the  other,  the  result  is 
double  vision  (diplopia)^  because  the  image  of  the  objects  looked 
at  will  fall  on  points  of  the  two  retinse  which  do  not  correspond. 
The  same  is  experienced  in  a  squint,  until  the  brain  learns  to 
disregard  the  image  from  one  eye. 

If  the  external  rectus  is  paralysed,  the  eye  will  squint  inwards ; 
if  this  occurs  in  the  right  eye  the  false  image  will  lie  on  the  right 
side  of  the  yellow  spot,  and  appear  in  the  field  of  vision  to  the 
left  of  the  true  image.  If  the  third  nerve  is  paralysed,  the  case 
is  a  more  complicated  one  :  owing  to  the  paralysis  of  the  levator 
palpebrce  superioris,  the  patient  will  be  unable  to  raise  his  upper 
lid  {ptosis),  and  so  in  order  to  see  will  walk  with  his  chin  in  the 
air.     If  the  paralysis  is  on  the  right  side,  the  eyeball  will  squint 
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downwaids  and  to  the  right ;  the  false  image  will  be  formed  below 
and  to  the  right  of  the  yellow  spot,  and  the  apparent  image  in 
the  field  of  vision  will  consequently  appear  above  and  to  the'  left 
of  the  true  image,  and  owing  to  the  squint  being  an  oblique  one, 
the  false  image  will  slant  in  a  corresponding  direction. 


Various  Positions  of  the  Eyeballs. 

All  the  movements  of  the  eyeball  take  place  around  the  point 
of  rotation,  which  is  situated  177  mm.  behind  the  centre  of  the 
visual  axis,  or  10*9  mm.  behind  the  front  of  the  cornea. 

The  three  axes  around  which  the  movements  occur  are : — 

1.  The  visual  or  antero-posterior  axis. 

2.  The  trtmsverse  axis,  which  connects  the  "points  of  rotation  of 

the  two  eyes. 

3.  The  vertical  axis,  which  passes  at  right  angles  to  the  other 
two  axes  through  their  point  of  intersection. 

The  line  which  connects  the  fixed  point  in  the  outer  world  at 
which  the  eye  is  looking  to  the  point  of  rotation  is  called  the 
visual  line.  The  plane  which  passes  through  the  two  visual  lines 
is  called  the  visual  plane. 

The  various  positions  of  the  eyeballs  are  designated  primary, 
secondary,  and  tertiary. 

The  primary  position  occurs  when  both  eyes  are  parallel,  the 
visual  lines  being  horizontal  (as  in  looking  at  the  horizon). 

Secondary  positions  are  of  two  kinds : — 

(i)  The  visual  lines  are  parallel  but  directed  either  upwards  or 
downwards  from  the  horizontal  (as  in  looking  at  the  sky). 

(2)  The  visual  lines  are  horizontal,  but  converge  towards  one 
anpther  (as  in  looking  at  a  small  object  near  to  and  immediately 
on  the  same  level  as  the  eyes). 

Tertiary  positions  are  those  in  which  the  visual  lines  are  not 
horizontal,  and  converge  towards  one  another  (as  in  looking  at 
the  tip  of  the  nose). 

It  is  possible  to  conceive  positions  of  the  eyeballs  in  which  the 
visual  lines  diverge  from  one  another ;  but  such  positions  do  not 
occur  in  normal  vision  in  man. 

Both  eyes  are  moved  simultaneously,  even  if  one  of  them 
happens  to  be  blind.  They  are  moved  so  that  the  object  in  the 
outer  world  is  focussed  on  the  two  yellow  spots,  or  other  corre- 
sponding points  of  the  two  retinae.  The  images  which  do  not 
fall  on  corresponding  points  are  seen  double,  but  these  are 
disregarded  by  the  brain,  which  only  pays  attention  to  those 
images  which  fall  on  corresponding  points. 
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The  following  diagramB  will  assist  us  in  understanding  more 
fully  what  is  meant  by  corresponding  or  identical  points  of  the  tvo 
retinae. 

If  R  and  L  (fig.  580)  represent  the  right  and  left  retint 
respectively,  0  and  0'  the  two  yellow  spots  are  identical ;  so  an 
A  and  A',  both  being  the  same  distance  above  O  and  O'.  But  the 
corresponding  point  to  B  on  the  inner  side  of  O  in  the  right 


Fig.  5eo.~Identioal  points  of  the  return. 

retina,  is  B',  a  point  to  the  same  distance  on  the  outer  side  of  Of 
in  the  left  retina ;  similarly  C  and  C  are  identical.  The  two 
blind  spots  X  and  X^  are  not  identical. 

Fig.  581  shows  the  same  thing  in  rather  a  different  way; 
A  and  B  represent  a  horizontal  section  through  the  two  retiiue; 
the  points  a  a',  b  b',  and  c  c',  being  identical.     In  the  lower  part 

of  the  diagram  is  shown  the  mj 
in  which  the  brain  combines  the 
images  in  the  two  retinse,  one  y 
it  were  overlapping  so  as  to 
coincide  with  the  other. 

The  Horopter  is  the  Damp 
given  to  the  surface  in  the 
outer  world  which  oontains  all 
the  points  which  fall  on  the 
identical  points  of  the  retins. 
The  shape  of  the  horopter  will  vary  with  the  position  of  the  eye- 
balls. In  the  primary  position,  and  in  the  first  variety  of  the 
secondary  position,  the  visual  lines  are  parallel  ;  hence  the 
horopter  will  be  a  plane  at  infinity,  or  at  a  great  distance. 

In  the  other  variety  of  the  secondary  position,  and  in  tertiary 
positions  in  which  the  visual  lines  converge  as  when  looking  at  a 
near  object,  the  horopter  is  a  circle  (fig.  582)  which  passes  through 
the  nodal  points  of  the  two  eyes,  and  through  the  fixed  point  (I)  in 
the  outer  world  at  which  the  eyes  are  looking,  and  which  will  ocm- 


Pig.  58X 


—Diagram  to  show  the  ootrespond- 
ing  parts  of  both  retiiuB. 


CH 


LV.] 


TUE    OPTIC    NERVES. 


769 


sequently  fall  on  the  two  yellow  spots  (0,and  0').  All  other  jjoiiits  in 
this  circle  (II,  III)  will  fall  on  identical  points  of  the  two  retina. 
The  image  of  II  will  fall  on  A  and  A';  of  III  on  B,  and  B';  it  is 
a  very  simple  mathematical  problem  to  prove  that  OA  =  0'A', 
i«idOB=OTB^ 

ThiSy  however,  applies  to  man  only,  or  to  animals  with  both 
eyes  in  front  of  the  head ;  in  those  animals  in  which  the  eyes 
are  lateral  in  position,  and  the  visual  lines  diverge,  the  problem 
of  bilateral  vision  is  a  very  different  one. 


Nervous  Paths  in  the  Optio  Nerves. 

The  correspondence  of  the  two  retince  and  of  the  movements 
of  the  eyeballs  is  produced  by  a  close  connection  of  the  nervous 
centres  controlling  these  phenomena,  and  by  the  arrangement  of 


Uft  Bgtina  Right  Retina 


.  Hemlspbtr9 


Right 
Hemisphere 


JFIg.  58a.— The  Horopter,  when  the 
eyes  are  oonyexgent. 


Fig.   583.— Course  of  fibres 
optic  chiasma. 


the  nerve-fibres  in  the  optic  nerves.  The  crossing  of  the  nerve- 
fibres  at  the  optic  chiasma  is  incomplete,  and  the  preceding 
diagram  (fig.  583)  gives  a  simple  idea  of  the  way  the  fibres  go. 

It  will  be  seen  that  it  is  only  the  fibres  from  the  inner  portions 
of  the  retinse  that  cross;  and  that  those  represented  by  con- 
tinuous lines  from  the  right  side  of  the  two  retinae  ultimately 
reach  the  right  hemisphere,  and  those  represented  by  interrupted 
lines  from  the  left  side  of  the  two  retinae  ultimately  reach  the 
left  hemisphere.  The  two  halves  of  the  retinae  are  not,  however, 
separated  by  a  hard-and-fast  line  from  one  another ;  this  is  repre- 
sented by  the  two  halves  being  depicted  as  slightly  overlapping, 
and  this  comes  to  the  same  thing  as  saying  that  the  central 
region  of  each  retina  is  represented  in  each  hemisphere.     The 
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fibres  (represented  by  finely  dotted  lines  in  the  diagram)  ooDoeet- 
itig  the  two  retinae  and  the  two  hemispheres  are  problematica]. 

The  part  of  the  hemisphere  concerned  in  vision  is  the  ocdpiti] 
lobe,  and  the  reader  should  turn  back  to  our  previous  eonaden- 
tion  of  this  subject  in  connection  with  cerebral  localisatJon,  Hie 
phenomena  of  hemianopsia  (p.  662),  and  the  conjugate  devft. 
tion  of  head  and  eyes  (pp.  663,  666).  The  following  illustntao^ 
though  only  diagrammatic,  will  assist  the  reader  in  more  foflt 


nt  Aferfd 


Fig.  584.— Relations  of  nerve  cells  and  fibres  of  visual  apparatus.    (After  ScbUcr.) 

comprehending  the  paths  of  visual  impulses,  and  the  central  ood- 
nections  of  the  nerves  and  nerve-centres  concerned  in  the  pro- 
cess. The  fibres  to  the  lateral  geniculate  body  end  there  by 
arborising  around  its  cells,  and  a  fresh  relay  of  fibres  from  these 
cells  passes  to  the  cortex  of  the  occipital  lobe.  Those  to  the  ante- 
rior corpus  quadrigcmiiium  are  continued  on  by  a  fresh  relay  to 
the  nucleus  of  the  third  nerve,  the  cells  of  which  are  also  8U^ 
rounded  by  arborisations  of  the  axis  cylinder  processes  of  the 
cortical  cells 
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Visual  Judgments. 

The  psychical  or  mental  processes  which  constitute  the  visual 
sensation  proper  have  heen  studied  to  a  far  greater  degree  than 
is  possible  in  connection  with  other  forms  of  sensation. 

We  have  already  seen  that  in  spite  of  the  reversion  of  the 
image  in  the  retina,  the  mind  sees  objects  in  their  proper  posi- 
tion, the  sense  of  sight  being  here  educated  in  great  measure  by 
that  of  touch. 

We  are  also  not  conscious  of  the  blind  spot  This  is  partly 
due  to  the  fact  that  those  images  which  fall  on  the  blind  spot  of 
€Xie  eye  are  not  focussed  there  in  the  other  eye.  But  even  when 
one  looks  at  objects  with  one  eye,  there  is  no  blank,  the  area 
ooiresponding  to  the  blind  spot  being  closed  up  by  a  mental 
process. 

Our  estimate  of  the  size  of  various  objects  is  based  partly 
on  the  visual  angle  imder  which  they  are  seen,  but  much 
more  on  the  estimate  we  form  of  their  distance.  Thus  a 
lofty  mountain  many  miles  off  may  be  seen  under  the  same 
visual  angle  as  a  small  hill  near  at  hand,  but  we  infer  that 
the  former  is  much  the  larger  object  because  we  know  it  is  much 
further  off  than  the  hill.  Our  estimate  of  distance  is  often  erro- 
leous,  and  consequently  the  estimate  of  size  also.  Thus  persons 
leen  walking  on  the  top  of  a  small  hill  against  a  clear  twilight 
ikj  appear  unusually  large,  because  we  over-estimate  their  dis- 
tance, and  for  similar  reasons  most  objects  in  a  fog  appear 
xnmensely  magnified.  The  same  mental  process  gives  rise  to  the 
idea  of  depth  in  the  field  of  vision ;  this  idea  is  fixed  in  our 
mind  principally  by  the  circumstance  that,  as  we  ourselves  move 
forwards,  different  images  in  succession  become  depicted  on  our 
retina,  so  that  we  seem  to  pass  between  these  images,  which  to  the 
mind  is  the  same  thing  as  passing  between  the  objects  themselves. 

The  action  of  the  sense  of  vision  in  relation  to  external  objects 
is,  therefore,  quite  different  from  that  of  the  sense  of  touch.  The 
objects  of  the  latter  sense  are  immediately  present  to  it ;  and  our 
own  body,  with  which  they  come  in  contact,  is  the  measure  of 
their  size.  The  part  of  a  table  touched  by  the  hand  appears  as 
large  as  the  part  of  the  hand  receiving  an  impression  from  it,  for 
the  part  of  our  body  in  which  a  sensation  is  excited,  is  here  the 
measure  by  which  we  judge  of  the  magnitude  of  the  object.  In 
the  sense  of  vision,  on  the  contrary,  the  images  of  objects  are 
mere  fractions  of  the  objects  themselves,  realised  upon  the  retina, 
the  extent   of   which   remains   constantly  the  same.     But  the 
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imagination,  which  analyses  the  sensations  of  vision,  investB  tbe 
images  of  objects,  together  with  the  whole  field  of  Tision  in  the 
retina,  with  very  varying  dimensions ;  the  relative  size  <rf  the 
image  in  proportion  to  the  whole  field  of  vision,  or  of  the  affected 
parts  of  the  retina  to  the  whole  retina,  alone  remains  unalterei 
The  estimation  of  the  form  of  bodies  by  sight  is  the  renh 
partly  of  the  mere  sensation,  and  partly  of  the  associatioD  of 
ideas.  Since  the  form  of  the  images  perceived  by  the  retim 
depends  wholly  on  the  outline  of  the  part  of  the  retina  affected, 
the  sensation  alone  is  adequate  to  the  distinction  of  superficial 
forms  from  each  other,  as  of  a  square  from  a  circle.  Bat 
the  idea  of  a  solid  body  like  a  sphere,  or  a  cube,  can  only  be 
attained  by  the  action  of  the  mind  constructing  it  from  the 
different  superficial  images  seen  in  different  positions  of  the  eye 
with  regard  to  the  object,  and,  as  shown  by   Wheatstone  and 


^?*  585.— Diagrams  to  illuittrate  how  a  judgment  of  a  figure  of  three  dimeiMdoms  ii  obtnai 

illustrated  in  the  stereoscope^  from  two  different  perspective  pro- 
jections of  the  body  being  presented  simultaneously  to  the  mind 
by  the  two  eyes.  Hence,  when,  in  adult  age,  sight  is  suddenly 
restored  to  persons  blind  from  infancy,  all  objects  in  the  fidd  of 
vision  appear  at  first  as  if  painted  fiat  on  one  surface ;  and  do 
idea  of  solidity  is  formed  until  after  long  exercise  of  the  sense  of 
vision  combined  with  that  of  touch. 

Thus,  if  a  cube  is  held  at  a  moderate  distance  before  the 
eyes,  and  viewed  with  each  eye  successively  while  the  head  ii 
kept  perfectly  steady,  a  (fig.  585)  will  be  the  picture  preaented 
to  the  right  eye,  and  b  that  seen  by  the  left  eye.  Wheat- 
stone  has  shown  that  on  this  circumstance  dependis  in  a  greit 
measure  our  conviction  of  the  solidity  of  an  object,  or  of  iti 
projection  in  relief.  If  different  perspective  drawings  of  a  solid 
body,  one  representing  the  image  seen  by  the  right  eye,  the 
other  that  seen  by  the  left  (for  example,  the  drawing  of  a  cube, 
A,  B,  fig.  585)  be  presented  to  corresponding  parts  of  the  tio 
retinao,  as  may  bo  readily  done  by  means  of  the  stereoeoope,  the 
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mind  will'  perceive  not  merely  a  single  representation  of  the 
object,  but  a  body  projecting  in  relief,  the  exact  counterpart  of 
that  from  which  the  drawings  were  made. 

By  transposing  two  stereoscopic  pictures  a  reverse  effect  is 
produced  ;  the  elevated  parts  appear  to  be  depressed,  and  vice 
vend.  An  instrument  contrived  with  this  purpose  is  termed  a 
p$eudo8cope.     Viewed  with  this  instrument  a  bust  appears  as  a 

ABC 


Fig.  586.~Diagmn  to  iUtutratc  vunial  illusiona. 

hollow  mask,  and  as  may  readily  be  imagined  the  effect  is  most 
bewildering. 

The  clearness  with  which  an  object  is  perceived  irrespective  of 
accommodation,  would  appear  to  depend  largely  on  the  number 
of  rods  and  cones  which  its  retinal  image  covers.     Hence  the 


nearer  an  object  is  to  the  eye  (within  moderate  limits)  the  more 
cicely  are  all  its  details  seen.  Moreover,  if  we  want  carefully  to 
examine  any  object,  we  always  direct  the  eyes  straight  to  it,  so 
that  its  image  shall  fall  on  the  yellow  spot  where  an  image  of  a 
given  area  will  cover  a  larger  number  of  cones  than  anywhere  else 
in  the  retina.  It  has  been  found  that  the  images  of  two  points 
must  be  at  least  3  /x  apart  on  the  yellow  spot  in  order  to 
be  distinguished  separately ;  if  the  images  are  nearer  together, 
the  points  appear  as  one.  The  diameter  of  each  cone  in  this  part 
of  the  retina  is  about  3  fx. 

Visual  judgments  are  not  always  correct;  there  are  a  large 
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number  of  puzzles  and  toys  which  depend  on  visual  iUaakxK. 
Two  of  the  best  known  are  represented  in  the  preceding  diagrBnn 

In  fig.  586,  A,  B,  and  c  are  of  the  same  size ;  but  a  looks  taller 
than  B,  while  c  appears  to  cover  a  less  area  than  either. 

In  fig.  587,  the  horizontal  lines  are  parallel,  though  thejdo 
not  appear  so,  owing  to  the  mind  being  distracted  by  the  inte^ 
crossing  lines. 


CHAPTER    LVI. 

TROPHIC    NERVES. 


Nerves  exercise  a  trophic  or  nutritive  influence  over  the  tisBuei 
and  organs  they  supply.  The  chemical  changes  that  occur  daring 
the  nutrition  of  a  living  cell  may  be  summed  up  in  the  woid 
metabolism ;  and  this  includes  two  kinds  of  changes ;  anaboiie 
phenomena,  that  is  the  process  of  building  up  protoplasm  from 
food  material ;  and  katabolic  phenomena,  those  in  which  there  is  a 
breaking  down  of  protoplasm,  and  a  consequent  formatioii  of 
simpler  waste  products. 

Some  nerves  increase  the  bulldmg-up  stage  of  metabolism; 
these  are  termed  anabolic.  Such  a  nerve  is  the  vagus  in  reference 
to  the  heart ;  when  it  is  stimulated  the  heart  beats  more  slowly 
or  may  stop,  and  is  thus  enabled  to  rest  and  repair  its  waste. 
The  opposite  kind  of  nerves  (katabolic)  are  those  which  lead  to 
increase  of  work  and  so  increased  wear  and  tear  and  formation  of 
waste  products.  Such  a  nerve  in  reference  to  the  heart  is  the 
sympathetic. 

There  has  been  considerable  diversity  of  opinion  as  to  whether 
trophic  nerve-fibres  are  a  distinct  anatomical  set  of  nerve-fibres, 
or  whether  all  nerves  in  addition  to  their  other  functions  exerdse 
a  trophic  influence. 

When  a  nerve  going  to  an  organ  is  cut,  the  wasting  of  the 
nerve  itself  beyond  the  cut  constitutes  what  we  have  learnt  to  call 
Wallerian  degeneration,  but  the  wasting  process  continues  beyond 
the  nerve ;  the  muscles  it  supplies  waste  also,  and  waste  much 
more  rapidly  than  can  be  explained  by  simple  disuse.  The  same 
is  seen  in  the  testicle  after  section  of  the  spermatic  cord ;  and 
in  the  disease  of  joints  called  Charcot's  disease,  the  trof^c 
changes  are  to  be  explained  by  disease  of  the  nerves  supplying 
them. 

From  these,  and  numerous  other  instances  that  might  be  given 
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»re  is  no  question  that  nerves  do  exert  a  trophic  influence ; 
)  question,  however,  whether  this  is  due  to  special  nerve-iibres 
3  been  chiefly  worked  out  in  connection  with  the  fifth  cranial 
rve. 

After  the  division  of  this  nerve  there  is  loss  of  sensation  in  the 
rresponding  side  of  the  face  :  the  cornea  in  two  or  three  days 
gins  to  get  opaque,  and  this  is  followed  by  a  slow  inflammatory 
Dcess  which  may  lead  to  a  destruction  not  only  of  the  cornes^ 
t  of  the  whole  eyeball.  The  same  is  seen  in  man  ;  when  the 
Lh  nerve  is  diseased  or  pressed  upon  by  a  tumour  beyond  the 
iflserian  ganglion  the  result  is  loss  of  sensation  in  the  face 
d  conjunctiva,  an  eruption  (herpes)  appears  on  the  face,  and 
3eration  of  the  cornea  leading  in  time  to  disintegration  of  the 
eball  may  occur  too.  In  disease  of  the  spinal  ganglia  there  is 
similar  herpetic  eruption  on  the  skin  (shingles). 
In  the  case  of  the  fifth  nerve  the  evidence  that  there  are 
ecial  nerve  fibres  to  which  these  trophic  changes  are  due,  is  an 
periment  by  Meissner  and  Biittner,  who  found  that  division  of 
e  most  internal  fibres  is  most  potent  in  producing  them. 
Those,  however,  who  do  not  believe  in  special  trophic  nerves, 
tribute  the  changes  in  the  eyeball  to  its  loss  of  sensation, 
list,  etc.,  is  not  felt  by  the  cornea,  it  is  therefore  allowed  to 
cumulate  and  set  up  inflammation.  This  is  supported  by  the 
ct  that  if  the  eyeball  is  protected  by  sewing  the  eyelids  together 
e  trophic  results  do  not  ensue.  On  the  other  hand,  in  paralysis 
the  seventh  nerve,  the  eyeball  is  much  more  exposed,  and  yet 
>  trophic  disorders  follow. 

Others  have  attributed  the  change  to  increased  vascularity  due 

disordered  vaso-motor  changes  :  but  this  is  negatived  by  the 

at  that  in  disease  of  the  cervical  sympathetic,  the  disordered 

.so-motor  phenomena  which  ensue  do  not  lead  to  the  disorders 

nutrition  we  have  described. 

There  can,  therefore,  be  but  little  doubt  that  we  have  to  deal 
ith  the  trophic  influence  of  nerves ;  *  but  the  dust,  etc.,  which 
Us  on  the  cornea  must  be  regarded  as  the  exciting  cause  of  the 
ceration.  The  division  or  disease  of  the  nerve  acts  as  the 
'edtsposing  cause.  The  eyeball  is  more  than  usually  prone  to 
idergo  inflammatory  changes,  with  very  small  provocation. 
The  same  explanation  holds  in  the  case  of  the  influence  of  the 
kgi  on  the  lungs.  If  both  these  nerves  are  divided,  the  animal 
lually   dies   within    a   week   or   a   fortnight  from  a   form  of 


*  The  proof,  however,  that  there  are  dlBtinct  Qerve-fibres  anatomically  in 
it  very  conplueiTe, 
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pneumonia  called  vagus  pneumonia^  in  which  gangrene  of  the 
lung  substance  is  a  marked  characteristic.  Here  the  predispoung 
cause  is  the  division  of  the  trophic  fibres  in  the  pneumogastric 
nerves ;  the  exciting  cause  is  the  entrance  of  particles  of  food 
into  the  air  passages,  which  on  account  of  the  loss  of  sensatioD 
in  the  larynx  and  neighbouring  parts  are  not  coughed  up. 
Another  trophic  disturbance  that  follows  division  of  the  vagi  ii 
fatty  degeneration  of  the  heart. 

We  shall  conclude  by  giving  one  more  instance  of  trophic 
disturbance  due  to  nervous  disease,  and  this  is  the  case  of  bed- 
sores. Many  bed-sores  are  due  to  prolonged  confinement  in  bed 
with  bad  nursing ;  these  are  of  slow  onset.  But  there  is  one 
class  of  bed-sores  which  are  acute ;  these  are  especially  met  with 
in  cases  of  paralysis,  due  to  disease  of  the  spinal  cord;  the? 
come  on  in  three  or  four  days  after  the  onset  of  the  paralysis  in 
spite  of  the  most  careful  attention ;  they  cannot  be  explained  b? 
vaso-motor  disturbance,  nor  by  loss  of  sensation  ;  there  is,  in 
fact,  no  doubt  they  are  of  trophic  origin  ;  the  nutrition  of  the 
skin  is  so  greatly  impaired  that  the  mere  contact  of  it  with  the 
bed  for  a  few  days  is  sufiicient  to  act  as  the  exciting  cause  of 
the  sore. 


CHAPTER   LVII. 

THE   REPRODUCTIVE   ORGANS. 

The  reproductive  organs  consist  in  the  male  of  the  two  teste* 
which  produce  spermatozoa,  and  the  ducts  which  lead  from  them, 
and  ill  the  female  of  the  two  ovaries  which  produce  ova,  the 
Fallopian  tubes  or  oviducts,  the  uterus,  and  the  vagina. 

Male  Organs. 

The  testis  is  enclosed  in  a  serous  membrane  called  the  tunim 
vaginalis,  originally  a  part  of  the  peritoneum.  When  the  testis 
descends  into  the  scrotum  it  carries  with  it  this  part  of  the  peri- 
toneum, which  then  gets  entirely  cut  off  from  the  remainder  of 
that  serous  membrane.  There  are,  however,  many  animals  in 
which  the  testes  remain  pennanently  in  the  abdomen.  The 
external  covering  of  the  testicle  itself  is  a  strong  fibrous  capsule, 
called,  on  account  of  its  white  appearance,  the  tunica  albugiw^ 
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Passing  from  its  inner  surface  are  a  nntiilier  of  «epta  or  trabe* 
cnlie,  which  divide  the  organ  im perfectly  into  lobules.  On  the 
poeterior  aspect  of  the  organ  the  capeule 
is  greatlj  thickened,  and  forms  a  mass  of 
tibrouB  tissue  called  the  Corptu  Hi*jh- 
morinnnm  (body  of  Highmore)  or  mtdia$- 
iinvm   tfsltB,   Attached  to  this  is  a   mudi 


a 
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I  J%.3SS.— FLiuif»f  iLTertiiiBl 
M«otia9^   of  ilu   Icwtid^, 

mexit  of  the  diiot«.  Ttus 
buc  lenrth  und  diftmotcr 
of  the  auct«  bftve  b«ai 
dinfgurJed,  ft  n,  tiibull 
pranLuifeti  Cdilud  up  in 
the  wfmmte  lobca ;  ft, 
tabuli  recti;  c.  ret« 
tCRtifi ;  ft,  Tiwa  effert^otm 
cindinjr  in  th«  cc^i  vwca- 

cajtL&l  of  Ww  cpididymiii  j 
A,  TAi  def  eruBH ;  /,  neciiaii 
df  the  b«U^k  piirt  of  the 
tunica  idbuKiiEi«» ;  i,  i, 
ai>rvB»pr{»«Mes  ruaniiiig 
between  the  lobes  ^  #,  me* 
tljagtimim. 
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flff,  569.— Sedten  of  «  tolnde  of  tbe  tennde  of  n 
ikl,  to  9k^iw  1^  formation  of  the  Hpennat<iEo«, 

wt  oelk,  to  VMch   the  Hpcramt^jzun  tire   hjI- 
heient  1  d,  buezneixt  ixujmDituie  ^  «:,  connective 


«^;& 


F%.  390.— Prom  n  section  of  the  tt-wtk  »t  clog,  dhnrwing:  portinni  of  neminol  tub«9.     A, 
ftemlna]  epithelial  c«IU,  and  numeroue  tman  vclLi  looAaly  armnRcd  n  B.  Uie  snuin  c«11p 

^o^  Bpenoivtoblawto  tiitivnrted  int^j  fi^rnvat'fjsda  ;  f!^  groups  at  the»e  in  4  further  stiig«  of 
deYeloptnenL    (Klein.) 

convolutetl  tube,  wliit^h  forms  a  mass  called  the  epididprnis.  Tliis 
receives  the  ducts  of  the  testis,  and  is  prolonged  into  a  thick  walled 
tube,  the  vtu  deferens^  by  which  the  semen  passes  to  the  urethra. 
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The  testis  is  itself  composed  of  convoluted  tube&  Each  of  thcM 
commeuces  near  the  tunica  albuginea,  and  terminates  after  join- 
ing with  others  in  a  straight  tubule^  which  passes  into  the  body  of 
Highmore,  wliere  it  forms  a  network  {rete  testis)  by  oommunicating 
by  branches  with  those  of  other  straight  tubules.  From  the  rete 
about  twenty  efferent  ducts  {vasa  efferentia)  arise,  which  become 


Fig.  S9 1 -—Section  of  the  epididymis  of  a  dog.— The  tube  is  cot  in  several 
places,  both  transveroely  and  obliquelv;  it  is  seen  to  be  lined  by  a 
ciliated  epithelium,  the  nuclei  of  whicn  are  well  shown,  e,  oonnectiTe 
tissue.    (Schoflcld.) 


convoluted  to  form  the  coni  vasculosi,  and  then  pass  into  the  tube 
of  the  epididymis. 

The  convoluted  or  seminiferous  tubules  have  the  following 
structure  :  each  is  formed  externally  of  a  thick  basement  mem- 
brane, consisting  of  several  layers  of  flattened  cells.  Next  ccMnes 
the  lining  epitJielium  of  clear  cubical  cells,  a  few  of  which  show 
karyokinetic  figures  in  their  nuclei,  indicating  they  are  about  to 
divide.  Some  of  these  cells  are  longer  than  the  rest>  and  project 
into  the  cavity  of  the  tube,  where  they  form  a  connection  witii 
groups  of  developing  spermatozoa.  They  are  called  susteiUaeular 
cells. 

Next  to  the  lining  epithelium  is  a  zone  of  larger  cells,  two  or 
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three  deep.  These  are  called  spermato^enic  ctlh ;  the  nuclei 
of  tiearly  all  of  these  show  karjokiiietic  figures.  Most  mternal 
of  all  are  a  large  uuinbcr  of  sDiall  cdh  with  circular  nuclei.  They 
are  called  sj>frtfiatMfi»fs.  hi  otiier  tubules  the  spcnuatoLlaiitft 
may  he  seen  iu  vnrious  stages  developing  into  spermatozoa  ;  they 
become  eUwgated  j  their  liuoleus  iij  at  one  end|  aod  from  the 
other  a  tail-like  proceaa  grows  i  groups  of  the  yoviug  sperinatozoa 
^.apply   their  heads   to  the  s  us  tentacular  cells,  from   winch  they 


|i% .  5J1.— Bimeatioo  of  the  base  of  tbc  Madder  awl  pnwUtc  eluid,  Nhom-inK  th*  wsicuUp 
BsnlDAleti  And  rvm.  defprenNn.  n,  Iqwqt  muTfum  <if  the  IblAdder  At  th^  pUoi>  of  ti;- 
ftnitni  of  tKi»  pBiitoneum  ;  fr,  tbe  part  Jt)ww  coirered  by  tbe  wsnUmemn  ;  i\  left  tem 
dB£e!TeiM,  erndinnc  ia  f*  th*?  ejaoiitltLt^try  dur't. ;  the  vam  d^fepeiui Iaa  been  di vid^d  tiemr  i^ 
■tid  sll  except  the  Terdc^l  portinin  hn,H  tn^m  f  Aketi  awaf ;  t ^  leftveitlmiliiWimiualix,  jotnlihg 
the  «&iiK!  duct ;  J  jr,  till-  right  vha  dt^Jfi-rr-ns  juid  riKht  Yi-simiiii  Beoaituili*,  wltjdi  bwi 
IweQ  onraYellvd ;  |i,  iind*?r  Jiid*>  nf  tli*?  prciistate  (HrJand;  *i,-pivrt  of  tha  tirt'thru ;  y  «,  tlip 
nnrlsni  (nit  flhort],  the  ri^^lit  un^  tam^Al  nsidc.    [HiUL^.) 


derive  nutriment ;  their  tails  project  into  the  lumen  ;  they  even- 
tually become  free. 

The  »trmght  tuhulen  consist  of  bjtHement  membrane  and  lining 
cubical  epithelium  only. 

The  intersititial  coiniective  tissue  of  the  testis  m  loose,  and 
cotitajns  numerous  lympiiatic  clefts.  Lying  in  it  accompanying 
the  blood-vessels  are  stmnds  of  polyhedral  epithelial  cells,  of  a 
yellowish  colour  {initrUitial  cells). 

The  t4iind€S  of  the  T€t€  teMis  are  lined  hj  cubical  epithelium  ; 
m  basement  membrane  is  absent 
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The  vdsa  efferentia,  coni  vdsculon,  and  epididytnU  are  lined  br 
columnar  cells,  with  very  long  cilia.  There  is  a  good  deal  of 
muscular  tissue  in  their  walls. 

The  vas  deferens  consists  of  a  muscular  wall  (outer  layer  longi- 
tudinal, middle  circular,  inner  longitudinal),  lined  by  a  mucoug 
membrane,  the  inner  surface  of  which  is  covered  by  columiuff 
epithelium. 

The  vesiculcB  seminales  are  outgrowths  of  the  vas  deferens. 
Each  is  a  much  convoluted,  branched,  and  sacculated  tube  of 
structure  similar  to  that  of  the  vas  deferens,  except  that  the  wall 
is  thinner. 

The  penis  is  composed  of  cavernous  tissue  covered  by  skin. 


Fig.  593.— Erectile  tiasue  of  the  human  peniit.    a,  flbroiu  trabeculflB  with  their  ordiniiy 
capillaries  ;  &,  section  of  the  venous  sinuses ;  e,  muscular  tissue.     (Cadiat.) 

The  cavernous  tissue  is  collected  into  three  tracts,  the  two  corpora 
cavernosa  and  the  corpus  spongiosum  in  the  middle  line  inferiorly. 
All  these  are  enclosed  in  a  capsule  of  fibrous  and  plain  muscular 
tissue  ;  the  septa  which  are  continued  in  from  these,  form  the 
boundaries  of  the  cavernous  venous  spaces  of  the  tissue.  The 
arteries  run  in  the  septa ;  the  capillaries  open  into  the  venous 
spaces.  The  arteries  are  often  called  helicinSy  as  in  injected 
specimens  they  form  twisted  loops  projecting  into  the  cavernous 
spaces  (see  also  p.  273).  The  structure  of  the  urethra  wid 
prostate  are  described  on  pp.  521,  522. 

The  Spermatozoa,  suspended  in  a  richly  albuminous  fluid, 
constitute  the  semen.  Each  spermatozoon  is  composed  of  three 
parts,  a  head,  a  middle  part,  and  a  tail.  The  head  varies  in  shape 
in  different  animals,  but  in  man  it  is  oval,  and  pointed  anteriorly. 
The  middle  piece  is  short  and  cylindrical,  with  a  spiral  fibre  pass- 
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ing  round  it.  The  tail  is  long,  tapering,  and  vibratile  ;  its  action 
resembles  that  of  a  cilium,  and  gives  to  the  spermatozoon  its  power 
of  locomotion.  The  end  piece  of  the  tail  is  described  by  Retzius 
as  distinct  from  the  rest,  and  in  some  animals  is  divided  into  two 
Or  three  fibrils. 

In  some  animals  (newts,  salamanders,  <fec.)  a*  fine  filament  or 
membranous  expansion  is  attached  to  the  tail  in  a  spiral  manner 


Fig.  594.— Spermatic  fila- 
ments from  the  human 
▼as  deferens,  i,  magni- 
fied 300  diameters;  2, 
magnified  800  diameters ; 
a,  from  the  side ;  6,  from 
aboye.  (From  Kulliker.) 


^ifiT'  59s.— Spermatozoa,    i,  of  sala 
mander ;  2,  human.    (H.  Gibbes.)- 


(fig.  595).  A  similar  appearance  has  been  described  by  some  obser- 
vers in  mammalian  spermatozoa. 

The  spermatozoa  are  formed  from  the  small  spermatoblasts  of 
the  third  or  innermost  layer  of  the  seminiferous  tubules ;  these 
originate  from  the  spermatogenic  cells  of  the  second  layer,  and 
these  from  the  lining  cubical  epithelium.  When  a  lining  cell 
divides  into  two,  one  becomes  a  spennatogenic  cell,  the  other 
becomes  elongated  to  form  a  sustentacular  cell. 

In  the  conversion  of  a  spermatoblast  into  a  spermatozoon,  the 
nucleus  forms  the  head ;  the  tail  develops  as  a  fine  filament 
within  the  protoplasm,  from  which  it  subsequently  grows  out ;  it 
is  connected  to  the  nucleus  from  the  first.  The  greater  part  of 
the  protoplasm  drops  off  (seminal  granules) ;  the  remainder  forms 
the  middle  piece  of  the  spermatozoon,  and  contains  an  attraction 
sphere. 
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The  Orary  is  a  m\id  organ  oompasod  of  fibroiii^  tlsnus  (jCnMm]^ 
cotitaiuitig  near  its  attiicbmcnt  to  the  bnKul  ligtmieui  ii  imtnWd 
pkiii  muscular  fibres.  It  is  covered  witl*  a  layer  of  short  colummi 
cells  {fje^'jiiinnl  tplih^li'uni\  wliicb  niaj  Vjc  seen,  especial]?  in  yottjjg 
animalft,  dipping  down  into  the  stromii.  Tbe  iut^rsdiiaJ  ccnuiecttTe 
tissue  coritaiuB  a  number  of  epittielial  polyhedral  jellow  <;eU% 
like  the  iuterKtitial  cells  of  tbe  testis. 

When  cut  across,  the  surface  part  of  the  stroma  m  seen  to  k 


F!^.  596.— Biii^T-axDmB.t]c  vw«r  E>f  the  uteniA  and  Hm  anfendogw,  w  smu  f nun 

Willi  J  th*  FfUlijpiiiH  tuTrjr.  round  i^foaipot.  And  cniB.Kim  li^tuent  tiAv^^n^en  rut 

and  tbc  bit»d  lJpi[Det}t  removed  rin  the  \ff%  sidi?  \  n^  thf  uppi'f  part  of  thci  iit«ntt :  e,  I 
the  oervix  m)pi>iiit*?  the  01*  intemiim ;  tlie  trUoiffiiJjkr  ahftpi?  of  the  utsine  aril^  ii  ^ 
tlioini,  nnd  thi«  diintjitiDD  tif  tliu  ra-mcaJ  {iavlfcj  with  the  move  terraed  arbsr  vftw:  »* 


upper  piirt  of  tTiy  vaaiiiA ;   *Ki^  FiiliopiiLti  tube  or  oviduol;   «ie  nj 
iif  itj.  r-L\iK  1.1  iM,  Miiif  nf  thp  tif^mu  of  the  uteru*  ■"  ■"'^'*'  **■'*'  *<<  *'^i?i»  ;    fn  Trmnd  Uja* 
o,  tim^;    j,  m^  1   uf  the  ttj^-ht  lUkfW 


.trfiiuty;  fo,  pumvatiuii, 
.  bixHid  lisi^exit.    |.     (Ah,, 


flBpwded    with    a    number    of    rounded    cell  a    {j/rimifitfe  ova 
mfigey'^ftisX  and  veaiules  of  different  sizes  are  also  visible.     Thefte] 
are  callefl  the  Granfian  folUelm,     The  smallest  are  near  the  sm- 1 
face  of  tlie  organ  ;  the  larger  oneg  are  deeper,  though  they  eirteiiii 
to  the  surface  as  they  grow. 

A  Grctnfian  follicle  has  a  proper  wall  fomied  from  the  strons* ; 
It  contains  within  it  an  opuni  formed  fri>m  one  of  the  pnnutive  ovt,, 
and  it  is  linud  by  epithelium.  At  first  there  is  ainjply  on<j  layer  of 
epitUelium  cells  ;  thig  lines  the  follicle  and  covers  the  ovum  ;  later 
there  are  two  layers,  one  lining  the  follicle,  and  the  other  oovmng 
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the  ovum,  but  the  two  are  elose  tog*?  t  her.  A  viscid  fluid  col  leu  Is 
bet^'eon  the  U\t\  layers,  aud  iik  the  follicle  iucrcn^et^  in  wim 
separates  them. 


*^'  597  ."View  of  K  scotjun  of  the  OTftjT  of  tlm  cat.  i^  ouUsr  cavttruLg  and  frkw  burdfif  of 
the  ovnrx;  i',  attached  bunleiT:  3^,  tbo  ommn  ^h'.Tmt,  prwenttDg'  n  fibmua  and 
tmcuIkt  vtnictnTv ;  ^.  gmoulai  lubftam^  lpii!;r v>  1  libtDua  fttFoma ;  4,  ^ood- 

TOBfita :  %  OTigerm*  in  thefcr  ««dic«t  iftigei  («.H*ti  |  1  Uie  (fnumlmr  la^rer  near 

fhe  iviiTTace :  ^t  iivjy^nm  wbidi  hav^  1i«|[iiii  to  i^^nl  j>tLM  mam  deeplf  uit«  the 

cwaiy:  7,o\riffti'mR  ratiud  irliicli  the  liraaHfLi]  itAliKlt.  ujid  tunica  graaiilou  aicnow 
formed,  and  which  have  ptjoed  somi^n-hut  diM?pio>r  into  Iht-  ovarj  and  are  sunvimded  bsr 
the  flbrOTLK  litrnma  ;  tl,  more  ftdvanetd  CiirAnJlaxi  follidi?  urith  the  inmm  Jinbedded  tn  the 
iKjrer  of  obIL*  4»i»titutiii^  the  pfroli^^oiu  duQ  ^  9,  iho  moMt^drapwd  foUick  contnuun-K 
the  oY^un,  &c. ;  ^\  a  foUide  from  which  the  ovum  haa  1      '        " 


luteimi,    (Sdmm*) 


I  acvLdiititally  e«caped ;  10,  oorpua 


Fig^.  508.  Seciicm  of  tho  ova,Tf  of  a  cat.  A,  ift^iTiiiiuil  cfatholium ;  B,  in^matutt^  dma^iii 
foUkJci  C,  atfcnnii  of  ovnry  ;  D,  vitcUiiK^  mcinbrftn*'  i^mtnimufi:  the  oviini ;  E.  OnaoflM 
foUiulD  abow^  lining  cplli ;  F,  fyUidt  from  whi^jb  tho  ovxim  ba^  falieo  out.  (V.  D» 
Harria.) 
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The  cells  in  each  layer  multiply,  so  that  they  are  arranged  in 
several  strata.  The  lining  epithelium  of  the  follicle  is  then 
called  the  membrana  granulosa,  and  the  heaped  mass  of  cells 
around  the  ovum,  the  discus  proligerus.  The  fluid  increases  in 
quantity,  the  follicle  becomes  tenser  and  tenser,  and  finally  it 
reaches  the  surface  of  the  organ  and  bursts ;  the  ovum  is  thus 
set  free,  and  is  seized  by  the  fringed  ends  of  the  Fallopian  tnbe 
and  thence  passes  to  the  uterus. 

The  bursting  of  a  Graafian  follicle  usually  occurs  about  the 
time  of  menstruation. 

After  the  bursting  of  a  Graafian  follicle,  it  is  filled  up  with 
what  is  known  as  a  corpus  lutewm.  This  is  derived  from  the  wtU 
of  the  follicle,  and  consists  of  columns  of  yellow  cells  developed 
from  the  yellow  interstitial  cells  previously  mentioned  ;  it  ccm- 
tains  a  blood  clot  in  its  centre.  These  cells  multiply,  and  their 
strands  get  folded  and  converge  to  a  central  strand  of  connecti?e 
tissue ;  between  the  columns  there  are  septa  of  connective  tissue 
with  blood-vessels.  The  corpus  luteum  after  a  time  graduaHj 
disappears ;  but  if  pregnancy  supervenes  it  becomes  larger  and 
more  persistent  (see  fig.  599). 

The  following  table  gives  the  chief  facts  in  the  life  history  of 
the  ordinary  corpus  luteum  of  menstruation,  compared  with  that 
of  pregnancy : — 


Oorpufl  Luteum  of  Men- 
struation. 


Oorpufl  Itutenni  of  Preg- 
nancy. 


At  th^  end  of 
three  weeks. 
One  month    . 


Two  months  . 

Six  months  . 
Nine  months , 


I  Three-quarters  of  an  inch  in  diameter ;  central  clot  reddish : 
convoluted  wall  pale. 

Larger ;  convoluted  wall  bright 
yellow  ;  clot  still  reddish. 


Smaller ;  convoluted 
wall  bright  yellow  ; 
clot  still  rci^ldish. 

Reduced  to  the  condi- 
tion of  an  insignifi- 
cant cicatrix. 

Absent. 


Seven-eighths  of  an  inch  in  dia- 
meter ;  convoluteil  wall  bright 
yellow ;  clot  perfectly  de- 
colorised. 

Still  as  large  as  at  end  of  second 
month ;  clot  fibrinous  ;  convo- 
luted  wall  paler. 

One  half  an  inch  in  diameter: 
central  clot  converted  into  a 
radiating  cicatrix;  theexternal 
wall  tolerably  thick  and  con- 
voluted,  but  without  any  bright 
yellow  colour. 


Some    of   the  Graafian    follicles  never  burst ;    they  attain  a 
l»rtain  degree  of  maturity,  then  atrophy  and  disappear. 

An  ovum  is  a  large  spheroidal  cell  surrounded  by  a  traua 
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iwreot  8trijit*d  membraae  called  iho  vif^'Uku  memln*am^  or  wona 
p^lmuia,      Tbe  prntQpksin  ih  filltni  with  krge  fattjr  and  ajbu- 


7%*  S^.— €of|ii>n  tntcft  of  dl^fi^iit  periods.  B,  corpus  tntemm  of  ftbciut  tht  liTt)]  w«ek 
■fter  ttniifegiwtion,  abowinir  ita  plica tixi  form  At  thut  p«hadd  i,  fltibHtuitH'  of  the 
OTwj;  a,  nib«t*jM»  of  the  csiit^UA  tuteum;  ;,  »  g^yinh  cOiiBTilttKa  in  iU  canty* 
(Ffttcnon.)    A«  oarpiu  Inteum  two  dajfv  ftf fer  ddiTC'iy :  D»  in  uifi  tsmtfth  ireek  &f t#t 


— '  NudniB  or  gvfialxi&t  vifgfcle. 
— -  Nudooliu  OT  giQrmiiial  rpc>U 


-^B'ptum  left  bf  letr&cttoQ  of 

pfotoplHAtQ' 

-  Pft}topliiam  wnMinin?  folk 
ppbemlfd. 


.  Vitelliiii}  membrftfifl. 


Fig-*  6oo.~  A  btucum  ovuja.    (Cmikt ,  J 


f%,  6at.— 0«zsiiUll  @pllh«Uu^  fif  the  flurf&ce  of  tbo  oriiiy  nt  ^r^  dii]r»'  cluck.    «,  smMSl 
Qvoh\iAX¥  ;  K  Iftrg^T  ovubloats,    {€mmt*} 


mmous  granules  (j^o/i  »phtruleH\  except  in  the  part  ofound  the 
nucIeuBj  which  ia  comparatively  free  from   these  granules.      It 
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contains  a  nucleus  which  has  the  usual  structure  of  nuclei ;  there 
is  generally  one  very  well-marked  nucleolus.  The  nucleus  and 
nucleolus  are  still  often  called  by  their  old  names,  germinai  vesicU 
and  gerviinal  spot  respectively.  An  attraction  sphere,  not  shown 
in  the  figure,  is  also  present. 

The  ova  and  the  epithelium  of  the  Graafiaij  follicles  are 
developed  from  the  germinal  epithelium  which  in  the  embryo 
forms  a  thick  layer  over  the  ovary  ^  cords  of  these  cells,  solid  m 

B.  c. 


Fig.  602.— A.  Diagram  of  utonw  just  before  menBtruation ;  the  nhaded  poilion  reprewente 
the  thickened  mucoua  membrane.  B.  Diagram  of  utenia  when  menBtruation  hv 
ju«t  ceased,  showing  the  cavity  of  the  uterus  deprived  of  mucous  membfaae. 
C.  Diagram  of  uterus  a  week  after  the  menstrual  flux  haa  ceased:  the  shaded 
portion  represents  renewed  mucous  membrane.    (J.  Williams.} 


some  animals,  tubular  in  others,  grow  down  into  the  stroma,  and 
in  time  these  are  broken  up  into  nests  ^y  ingrowths  of  the  stroma. 
Each  nest  represents  a  primitive  Graafian  follicle.  In  this,  one 
cell  in  particular  becomes  enlarged  to  form  the  ovum:  the 
remainder  form  the  epithelium  of  the  follicle. 

The  Fallopian  tubes  have  externally  a  serous  coat  derived 
from  the  peritoneum,  then  a  muscular  coat  (longitudinal  fibres 
outside,  circular  inside),  and  most  internally  a  very  vascular 
mucous  membrane  thrown  into  longitudinal  folds,  and  covered 
with  ciliated  epithelium. 
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The  uterus  consists  of  the  same  three  layers.  The  muscular 
coat  is,  however,  very  tliick  and  is  made  up  of  two  strata  imper- 
fectly separated  by  connective  tissue  and  blood-vessels.  Of  these 
the  thinner  outer  division  is  the  true  muscular  coat,  the  fibres  of 
which  are  arranged  partly  longitudinally,  partly  circularly.  The 
inner  division  is  very  thick  ;  its  fibres  run  chiefly  in  a  circular 
direction ;  the  extremities  of  the  uterine  glands  extend  into  its 
internal  surface.  It  is  in  fact  a  much  hypertrophied  muscularis 
mucosae. 

The  mucous  membrane  is  thick,  and  consists  of  a  corium  of  soft 
connective  tissue,  lined  with  ciliated  epithelium  ;  this  is  continued 


Fi^.  603. — Section  of  the  lining  membrane  of  a  human  uterus  at  the  period  of  commendng 
pre^:nanc7  showing  the  arrangement  and  other  peculiarities  of  the  glands,  d,  d,  d,  with 
their  orifices,  a,  a,  a,  on  the  internal  surface  of  the  organ.    Twioe  toe  natui-al  sixe. 

down  into  long  tubular  glands  which  have  as  a  rule  a  convoluted 
course.  In  the  cervix  the  glands  are  shorter.  Near  the  os 
uteri  the  epithelimn  becomes  stratified ;  stratified  epithelium  also 
lines  the  vagina. 

At  each'  menstrual  period,  the  greater  part  of  the  mucous 
membrane  of  the  body  of  the  uterus  disintegrates  and  is  shed  ; 
this  with  some  blood  which  escapes  from  the  ruptured  capillaries 
constitutes  the  menstrual  flow. 

This  is  followed  by  a  rapid  renewal  of  the  mucous  membrane. 
But  if  gestation  takes  place,  the  new  mucous  membrane  is  much 
thicker  than  that  which  is  usually  formed.  The  glands  are 
correspondingly  long.  This  thick  membrane  is  then  called  the 
dectdtia. 

For  a  description  of  the  mammary  glands  see  p.  447. 
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CHAPTER   LA^II. 

DEVELOPMENT. 

The  description  of  the  origin  and  formation  of  the  tissues  and 
organs  constitutes  the  portion  of  biological  science  known  as 
embryology.  This  subject  is  a  large  one,  and  many  books  are 
written  which  have  for  their  exclusive  object  its  elucidation.  AU 
one  can  possibly  attempt  in  a  physiological  text-book  is  the 
merest  outline  of  the  principal  facts  of  development. 

In  our  descriptions  throughout  we  shall  endeavour  to  speak  of 
the  development  of  the  mammal  principally ;  it  will  not  be 
possible  to  do  so  altogether,  for  many  of  the  facts  which  are 
believed  to  be  true  of  the  mammal  (man  included)  have  only  been 
actually  seen  in  the  lower  animals.  That  they  occur  in  the 
higher  animals  too  is  a  matter  of  inference. 

It  will,  however,  add  interest  t/o  the  subject  to  draw  some  of 
our  descriptions  from  the  lower  animals ;  for  the  scientific  dis- 
cussion of  embryology  must  always  start'  from  a  wide  survey  of 
the  whole  animal  kingdom.  Without  entering  into  any  argu- 
ments in  relation  to  the  Darwinian  theory  of  evolution,  it  will  be 
sufficient  to  state  in  general  terms  that  the  series  of  changes 
which  occur  in  the  embryological  history  of  the  highest  animals, 
form  a  compressed  picture  of  the  changes  which  have  taken  place 
in  their  historical  development  from  lower  types  of  living 
creatures. 

The  Ovum. 

The  human  ovum  is  like  that  of  other  mammals,  a  small 
spherical  body  about  ^iz  ^^  ittt  ^^^^  ^^  diameter  ;  it  is  an 
organised  animal  cell  consisting  of  a  mass  of  protoplasm  enclosing 
a  nucleus  and  attraction  sphere.  The  protoplasm,  however,  also 
contains  a  granular  material,  vitelline  or  yolk  substance  which 
nourishes  the  protoplasmic  part.  The  way  in  which  ova  are 
formed  in  the  ovary  is  described  in  the  chapter  preceding  this. 

In  many  animals,  as  in  birds,  most  of  the  changes  from  ovum  to 
adult  take  place,  not  within  the  body  of  the  parent,  but  outside  of 
it.  The  egg  can  therefore  derive  no  nutriment  from  the  mother ; 
and,  as  one  would  expect,  the  yolk  substance  is  much  more 
abundant.  It  is  due  to  this  fact  that  the  eggs  of  birds,  reptiles, 
and  fishes  are  so  much  larger  than  the  mammalian  ovum.  Each, 
however,  is  still  essentially  a  single  cell,  much  bulged  by  yolk 
material.     The  yellow  part  of  the  hen's  egg  which  is  alone  com- 
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parable  to  the  mammalian  0¥um  has  upon  it  a  whitish  speck  or 
cicatrunda  about  ^  inch  in  diameter;  in  this  the  nucleus  or 
germinal  vesicle  is  imbedded ;  it  is  here  and  in  the  surrounding 
protoplasm  that  cell  division  and  growth  goes  on,  the  rest  of  the 
yolk  serving  to  nourish  this  part. 

Ova  in  which  the  whole  cell  takes  part  in  cell  division  are 
called  holoblastic ;  but  those  like  the  hen's  egg,  in  which  only  a 
part,  the  cicatricula  just  alluded  to,  divides  and  subdivides,  are 
termed  merobloBiic,  There  are,  however,  gradations  between  the 
two  extremes. 

The  structure  of  the  mammalian  ovum  has  already  been  given 
(pp.  784-786).  The  surrounding  zona  pellucida  is  perforated, 
at  any  rate  in  some  animals,  by  a  small  hole  called  the  micropyle 
which  enables  a  spermatozoon  to  enter.  Some  observers  have  de- 
scribed a  second  more  delicate  membrane  within  the  zona  pellucida. 

Changes  in  the  Ovum  previous  to  Feoundation. 

The  most  important  change  is  the  disappearance  of  the  greater 
part  of  the  nucleus  ;  simultaneously  with  this  two  particles  called 
the  2>olar  or  directing  globules  appear  on  the  surface  of  the  ovum, 
between  it  and  the  zona  pellucida. 

The  relation  between  these  two  phenomena,  and  many  of  the 
facts  relating  to  the  impregnation  of,  and  early  changes  in  the 
ovum  were  first  made  out  by  Oscar  Hertwig,  and  Ed.  v.  Beneden, 
in  the  ova  of  sea-urchins  and  other  echinoderms;  they  have 
been  verified  in  many  of  the  higher  animals ;  and,  though  they 
have  never  been  actually  seen  in  the  human  ovum,  there  is 
practically  no  doubt  that  they  occur  there  too. 

In  the  case  of  the  sea-urchin,  the  problem  is  a  comparatively 
easy  one  to  study.  Sea-water  containing  the  elements  of  each 
sex  can  be  obtained,  the  changes  watched,  and  finally  the  two 
specimens  can  be  mixed  and  impregnation  observed. 

In  the  ovum,  the  nucleus  travels  to  the  surface  of  the  ovum, 
loses  its  investing  membrane,  and  undergoes  the  changes  associated 
with  karyokinesis.  In  some  cases,  however,  the  chromosomes  do 
not  imdergo  longitudinal  splitting,  but  divide  into  two  equal 
groups  which  form  the  bases  of  the  two  new  nuclei.  The  spindle 
lies  at  first  horizontally  under  the  outer  circumference  of  the  cell. 
At  each  end  of  the  spindle  an  attraction  sphere  is  situated ;  the 
granules  of  the  protoplasm  take  a  radial  arrangement  around  the 
two  attraction  spheres.  The  spindle  then  becomes  vertical,  and 
the  nucleus  divides  into  two ;  the  upper  daughter  nucleus  with  a 
thin  investment  of  protoplasm  is  extruded  from  the  body  of  the 
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cell.  The  other  daughter  nucleus  remains  within  the  ovum  ;  it 
does  not  return  to  the  resting  stage,  hut  proceeds  at  once  to 
repeat  the  process,  and  a  second  polar  globule  is  extruded,  so 
that  only  a  quarter  of  the  original  nucleus  remains  within  the 
ovum ;  this  is  tlien  called  the  female  2'ronuHe^is,  and  it  travels 
towards  the  centre  of  the  ovum.  The  first  polar  globule  often 
divides  into  two  after  it  is  extruded. 

Simultaneously  the  ovum  shrinks,  not  only  from  the  loss  of  the 
polar  globules ;  but  also  from  a  shedding  out  of  liquid  which 
collects  between  the  ovum  and  the  zona  pellucida  and  is  caUed 
the  perivitelliTie  fluid.  In  this,  later  on,  spermatozoa  which  have 
penetrated  the  zona  pellucida,  may  be  seen  swimming. 

Impregnation. 

We  now  have  a  somewhat  shrunken  ovum  possessing  a  female 
pronucleus.  Impregnation  or  fertilization  consists  in  the  embed- 
ding of  the  head  (nucleus)  and  middle  portion  of  one  spermatozoon 
in  the  protoplasm  of  the  ovum ;  the  tail  is  lost,  and  the  male 
attraction  sphere  originally  contained  in  the  middle  piece  of  the 
spermatozoon  has  around  it  the  same  star-like  arrangement  of  the 
protoplasmic  granules  of  the  ovum  which  we  described  around 
the  female  attraction  sphere.  The  head  of  the  spermatozoon 
is  now  called  the  male  2jronudeu8 ;  it  travels  to  the  female  pro- 
nucleus, and  in  some  animals  may  for  a  time  leave  a  distinct 
channel  marking  its  pathway.  Having  reached  the  female  pro- 
nucleus, it  fuses  with  it  and  forms  an  ordinary  nucleus.  The 
whole  cell  so  produced  is  then  often  called  the  blastosphere. 

A  great  deal  of  discussion  has  taken  place  as  to  the  meaning 
of  the  discharge  of  the  polar  globules.  Fertilization  consists  in 
bringing  to  the  ovum  of  a  certain  amount  of  germinal  plasma 
from  another  individual  or  male,  and  Weismann  assumes  that  it 
is  necessary  that  the  ovum,  prior  to  development,  should  get  rid 
both  of  its  old  histogenetic  plasma,  and  of  so  much  germinal 
plasma  (i.e.  matter  endowed  with  heredity)  as  may  be  brought  to 
it  by  the  spermatozoon.  This  is  effected  by  the  extrusion  of  the 
two  polar  globules.  The  second  polar  globule  is  the  one  which 
contains  the  germinal  plasma,  or  the  hereditary  male  element 
In  those  animals  which  can  reproduce  their  species  for  manj 
generations  without  the  intervention  of  a  fresh  male  (partheno- 

(ie8iB)|  the  second  polar  globule  is  not  extruded. 
fig.  604  represents  a  fertilized  ovum,  and  if  its  appearance  is 
Ted  with  that  of  the  ovarian  ovum  (fig.  600),  there  is  not 
distinction  to  be  noticed  between  the  two.    The 
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fertilised  oirum  is  rather  sniallerj  as  it  has  discharged  the  poliir 
globules  aiid  th<?  p^^rivitclliuc  Bitld^  and  its  nucleus  ia  composed  of 
male  and  fenmie  elemeoUi ;  but  graat  indeei!  is  tUe  phjaiologic&l 
differeuco  betweeu  the  two,  for  the  fertilized  ovum  now  is  a  new 
individuali  though  iu  a  very  rudinieutaiy  oondJtioa,  Theee 
processes  all  take 
phicc  ill  the  Fiillopiaii 
tuba  of  tlie  uiainnml 
the  oviim  travels 
tow&ids  ,the  uterus, 
and  then  the  process 
of  si^oieutatiou  or 
cell  diTlsiou  begins. 
There  is  no  iloubt 
that  the  important . 
hereditary  substance 
is  couUiiued  in  the 
chrtitnosDmes  of  the 
uucleuB,    Of  these  an 

etjual  nninber  is  contributed  by  oach  sei,  and  in  the  subsequent 
cell  division  tlmt  ooeurs,  the  uuinber  of  ehrouiOKomes  in  the 
nucljaua  is  therefore  always  an  even  number. 


f^ohtt  §hbMhi 


Fig.  634.— TtM  f«3tilbed  ovma^  or  blnvtaBtib^f^* 


Segmentation. 
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The  ovum  first  divides  into  two  cell%  then  each  of  these  into 
two  again,  and  so  on  ;  luitil  at  last  it  cbuaiats  of  a  mulberry-like 
miim  of  little  cells,  al!  still  enclosed  within  the  zona  pellueida. 
The  polar  globides  are  soon  lost  to  view.  Cell  division  is  alwaji 
accompanied  by  the  usual  karyokinetic  clmuges  in  the  nucleus. 
On  cuttiuf^  a  section  through  the  embryo  at  this  sUge,  it  is  found 
to  consist  of  a  single  layer  of  cells  arranged  around  a  central 
cavity  filled  with  iluid  shed  out  from  the  cella.  This  is  called 
the  bluHula  stage  or  the  stage  of  the  umlamtnar  (one  layered) 
UmftMlerm,  The  cells  by  mutual  compression  becsome  columnar 
in  shape  J  and  soon  tlie  cells  are  arranged  two  layers  fieep  ;  the 
formation  of  the  second  layer  within  the  Hrat  diflera  in  different 
aniumla.  In  amphtoxus  and  many  of  the  invertebrates,  it  is 
formed  by  a  process  of  invagiuation  ;  that  is,  a  (Jortion  of  the 
surface  layer  is  gradually  Ymsheti  in  until  it  coujpletes  a  second 
laytfr  within  the  first ;  llie  orifice  of  invagination  is  called  the 
blastopores  and  corresfionds  to  a  primitive  mouth  ofj^ning  into  a 
primitive  alimentary  cavity  surronndcd  by  the  inner  laytT  of  cells. 
In  mammals^  the  cells  which  are  going  to  form  the  second  layer 
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take  up  a  central  position  from  the  very  start,  and  the  outer  teBi 
by  multiplying  more  quickly  than  the  inner  ones  grow  rotmd  and 
enclose  them.  This  is  the  gastrula  stage  or  the  stage  of  the 
bilaminar  blastoderm.  Then  a  third  layer  is  formed  between  the 
other  two,  and  thus  we  arrive  at  the  stage  of  the  trilaminsr 
blastoderm.     The  three  layers  are  called  from  without  inwards 

the  epiblast,  mesoblatt^  and 
hypohla^tj  or  the  ectcdem 
mfsoderm,  and  endoderm. 

We  must  next  «tudy  tiie 
way  in  which  the  mesoUast 
is  formed  between  the  other 
two  layers.   When  the  outer 


Fig.  <:o5.— Dia^n-aras  of  the  various 
stajreB  of  cleava 
(Dalton.) 


vageof  theovum. 


Fig.  606.— Impregiuited  egig,  vjtt 
commeucemeDt  of  fommtiaB  el 
embryo  ;  showing  the  area  en- 
minotira  or  embrronio  spot  tW 
area  pelludda,  and  the  primitiit 
groove  and  streak.    (Dalton.) 

surface    of    the    ovum    ii 
viewed  from  above,  a  streak 
or  shadow  is  visible;  this 
occurs  first  at  its  posterior 
end,  and   it  gradually  ex- 
tends towards  the  anterior 
end.    It  is  due  to  a  thicken- 
ing of  the  epiblast,  the  cells  of  which  multiply  so  that  they  are 
several  layers  deep.    This  apj)earance  is  called  the  primitire  streak. 
This  is  soon  marked  by  a  narrow  groove  along  its  centre,  which 
is  called  the  primitive  groove. 

If  we  cut  a  transverse  section  through  the  ovum  at  this  period, 
wo  have  the  appearance  presented  in  the  next  figure  (fig.  607). 
The  actual  preparation  is  from  a  chick's  egg ;  the  oicatnoiila 
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ham  divided  into  a  number  of  cells,  and  these  are  arranged  in  two 
layers^  epiblast  and  hypoblast^  but  these,  instead  of  surrounding 
the  whole  ovum,  lie  spread  out  on  the  surface  of  the  yolk.  This 
part  of  the  embryo  is  subsequently  pinched  ofif  from  the  yolk-sac. 
The  area  which  actually  gives  rise  to  the  embryo  is  called  the 
germinal  disc^  and  the  area  qpaca  in  the  middle,  seen  at  the  left 


1%.  607.— Vertical  section  of  area  pellucida  and  aroa  opaca  (left  extremity  of  flgnre)  of 
UHtoderm  of  a  fresh-laid  egg.  S,  epiblast;  />,  hTpoblast;  If,  luve  *' formative 
edb,"  filled  with  yolk  granules,  derived  from  the  h>'pobIa8t ;  A^  the  white  yolk 
launediAtely  underlying  the  segmentation  cavity.    (Strieker.) 

extremity  of  the  figure,  is  the  opacity  produced  by  the  primitive 
Streak,  and  this  is  seen  to  be  caused  by  the  proliferation  of 
«|abla8tic  cells,  so  that  at  this  point  they  come  into  close  contact 
mh  tihe  hypoblast 

Vig.  '608  shows  a  rather  later  stage  ;  this  mass  of  cells,  chiefly 


¥ig.  608.— Transverse  section  through  embryo  chick  1 26  hours),    a, epiblast ;  ^.^esoblaat 
«,  hypoblast ;  d,  mass  of  cells  at  primitive  streak  ;  f,  primitive  groove.    (Klein.) 

epiblastic  (d),  gives  origin  to  the  intermediate  layer  or  meso- 
blast  (6)  which  grows  between  the  other  two  layers. 

The  mesoblast,  however,  is  not  exclusively  epiblastic  in  origin, 
for  some  of  the  cells  in  the  mass  d,  fig.  608,  are  doubtless 
hypoblastic.  Moreover,  certain  large  *  formative  cells'  seen  in 
fig.  607  if  and  in  the  next  figure  (fig.  609),  originate  from  hypo- 
blast and  wander  into  the  middle  layer,  and  it  is  these  cells 
which  give  origin  to  the  connective-tissues  and  blood-vessels. 
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The  three  layers  of  the  blastoderm  show  from  the  first 
distinctive  characters  ;  the  epiblast  and  hypoblast  present  the 
appearance  of  epithelium,  whereas  the  mcsoblast  is  composed  of 
cells  which  are  not  arranged  close  together,  and  many  of  them 
are  branched. 

The  primitive  streak  and  groove  are  evanescent  struetimes; 
they  indicate   the  longitudinal  axis  of  the  embryo,  but  they  are 


Pig.  609.— Verticsal  section  of  blastoderm  of  chick  (lut  day  of  incubation).  5.  qablait. 
consisting  of  short  columnar  cells  ;  />,  hyiwblast,  consisting  of  a  fdngle  layer  of  flattoted 
cells ;  if,  **  formative  cells."  They  are  seen  on  the  right  of  the  figure,  pantng  k 
between  tjie  epiblast  and  hyi)obla8t  to  contribute  to  the  medoblast;  ^,  white  yolk 
granules.  Muiy  of  the  laige  "  formative  cells  "  are  seen  containing  these  graaulet. 
(Strieker.) 

soon  replaced  by  a  new  and  larger  groove.  This  is  formed  by 
two  new  thickenings  of  epiblast  which  rise  up  like  walls  on  each 
side  of  the  middle  line ;  they  are  united  together  in  front,  and 

they  extend  backwards,  enclosing 
and  then  (fig.  610)  obliterating  the 
primitive  groove. 

These  two  walls  are  called  the 
medvllary  plates  or  the  dortal 
ridges;  the  valley  between  them 
is  called  the  nudtdlary  groove; 
this  is  the  first  appearance  of 
the  central  nervous  system.  They 
approach  one  another,  and  meet 
in  the  middle  line,  and  so  convert 
the  medullary  groove  into  a  canaL 
Fig.  6 1 1  shows  this  diagram- 
matically  in  transverse  section. 

The  cpiblastic  cells  which  line 
the  medullary  canal  are,  by  the 
union  of  the  two  dorsal  ridges, 
entirely  cut  off  from  the  surface  epiblast;  these  cells  multiply 
and  the  tube  of  epiblast  gets  much  thicker ;  anteriorly  it  forms 
the  bniin  and  its  cavity  the  cerebral  ventricles ;  behind  this  it 
forms  the  spinal  cord  with  its  central  canal.  The  nerves  grow 
out  from  brain  and  cord  at  a  later  date. 


Fig.  610.  -Embrvonic  area  of  11  rabbit's 
ovum  (7  days).  />r.,  primitive 
streak  and  groove ;  m./7.,  medullary 
groove  ;  d.r.y  dorsal  ridge.  (After 
Kolliker.) 
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The  same  diagmm  shows  that  the  mesoblaet  is  collected  into 
je  matsses  OQ  each  aide  of  the  tieural  canal ;  these  are  called  the 
^otm^iffffw ;  a  rod  of  cells  has  beeo  alao  pinched  off  from  the 


W\^.  6Tt .— Dugnun  of  Inut*^^^!^  seetjon  tliroqgh  an  cnibryo  before  thfl  rlodng-^in  of  Che 
mc-diiilATy  gfO<i¥«.    Ml  ftflllB  df  Fpiblaflt  llnmjr  tbe  fiitdulliuy  pnwve  ^hich  will  form 
^         the  sptciMJ  «Qrd;   hi  cpibUati    d^  hvpol>lut ;  r^^  notcxihQrd ;    ir«  pmtti\i?ii«btv  i   wp^ 
blaat ;  w,  eoffe  of  donsl  H4|f«,  fcddiag  over  meduUuy  gnxive.    (K^UQcw.) 


bjpoblastj  and  is  seen  in  transverse  secjtion  {ch)  ;  it  is  called  the 
Fig,  6 1 2  show  a  a  surface  view  of  the  embryo  at  rather  a  later 


Ftir,  6f*.— EsafeiiTO  of  dog,  The  tietinl  groove,  a,  In  not  yd;  eloMd,  imd  st  ita  tipper  or 
c^balie  flud  prFSPcntH  tlirt*  dJlutatioiM,  »,  which  eonH|>oitd  to  thp  tbn^  diviMisjM  qi 
Vcnda*  of  tiw  bmin.  At  iLr  lower  cdctr«fiiitT  the  g^itx>Tfi  preKuta  a  liuii(*t-iih*p«d  dunti^ 
tioix  (AinuK  rhombaidAlkK  c.  Alooff  thfl  bottom  of  tSe  groove  it  ohMrved  ii  famt^ 
ritn^,  whiiih  is  the  aotoohord.    d,  DoiMt  Tidgu,    (Bkchoff.) 

Ifttoge.  The  union  of  the  dorsal  ridges  takes  place  first  about  tbe 
neck  of  the  future  eojbryo ;  tbey  soon  after  unite  over  the  region 
of  the  head  J  while  the  cloaing  in  of  the  griDove  progresses  much 
more  slowly  towards  the  hinder  extremity  of  the  embrj^o.     The 
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medullary  groove  is  by  no  means  of  uniform  diameter  thnmghoat, 
and  even  before  the  dorsal  laminae  have  imited  over  it,  is  seen  tn 

be  dilated  at  the  anterior  extremi^ 
and  obscurely  divided  by  con8tri^ 
tions  into  the  three  primary  cerebnl 
vesicles.  The  part  from  which  the 
spinal  cord  is  formed  is  of  nearij 
uniform  calibre,  while  towards  the 
posterior  extremity  is  a  lozeDg^ 
shaped  dilatation,  which  is  the  last 
part  to  close  in. 

The  notochord  is  just  viable 
underneath  the  neural  canaL 

The  thickenings  of  the  mesoblsst 
called  the  protovertebroR  are  not 
continuous  longitudinal  structum 
like  the  neural  canal  and  notochord, 
but  consist  of  a  number  of  quadri- 
lateral masses  situated  down  each 
side  of  the  neural  canal.  They 
are  seen  in  fig.  613,  which  also 
shows  the  primitive  heart,  and  other 
structures  to  be  described  later  on 
The  neural  or  medullar}-  groove  has 
by  this  time  been  quite  closed  ia 

A  transverse  section  through  the 
embryo  at  this  or  a  rather  later 
stage  (fig.  614)  shows  the  pointB 
already  mentioned,  but  there  is  also 
seen  a  splitting  of  the  general  meso- 
blast  into  two  layers.  One  adheres 
to  the  epiblast  and  is  called  the 
parietal  me&oblastj  or  softiatoplewr ; 
the  other  adheres  to  the  hypoblast 
and  is  called  the  visceraU  mesoblaU 
or  splanchnojdeur ;  the  space  be- 
tween them  is  the  body-^avitf^ 
cvelom  or  pleuro-peritoneal  cavity ;  it 
is  subdivided  subsequently  into  the 
cavities  of  the  pleurae,  pericardium 
and  peritoneum. 

Head   and    Tail    Folds.     Body- 
cavity, — Every    vertebrate    animal 
consists  essentially  of  a  longitudinal  axis  (vertebral  column)  with 


Fig.  61J.— Embryo  chick  (36  houn}, 
viewed  from  beneath  as  a  tranitpa- 
rent  objt»ct  (magniiledj.  pL  outlme 
of  pellucid  area ;  FB^  lore-orain,  or 
flrsit  cerebral  vesicle :  from  its  sides 
project  «n,  the  optic  vesicles ;  SO^ 
Dackwara  limit  of  soroatopleur 
fold.  *•  tucked  in  "  under  heaa ;  «, 
head-fold  of  true  amnion ;  a',  re- 
flected layer  of  amnion,  sometimes 
teimed  *•  false  amnion ;  "  «;>,  back- 
ward limit  of  splanchnopleur  folds, 
along-  which  run  the  omphalo-mes- 
cntf  ric  veiuH  tznitinjr  to  form  A,  the 
heart,  which  is  continued  forwards 
into  6fl,  the  bulbuH  arteriosus ;  rf, 
the  fore-^t,  lyinK  behind  the  heart, 
and  having  a  wide  crcscentic  open- 
inif  between  the  sphuichnopleur 
folds ;  HD,  hind-bmm  ;  MB,  mid- 
brain ;  vv.  piotovi'itebrin  lying 
behind  tlw  fort^-g1lt ;  mr.  lino  of 
junction  of  nuHlullary  foldn  and  of 
notochord  ;  ch,  front  end  of  noto- 
chord ;  »y>/,  vertebral  plates;  pr^ 
the  primitive  groove  at  itft  caudal 
end.     ( Foster  and  Balfour. ) 
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a   noural    canal    ahove    it,   and    a    hody-cavity    (containin«j:    the 
iilinuMitary  canal)  beneath. 

We  have  seen  how  the  earliest  rudiments  of  the  central  axis 
and  the  neural  canal  are  formed ;  we  must  now  consider  how  the 


Fig.  614. — Transrene  ■eotion  through  donal  rejpun  of  embiyo  chick  (45  hn.).  One  half  of 
the  eeption  is  repreaented ;  if  completed  it  would  extend  as  far  to  the  left  as  to  the 
light  of  the  line  of  the  medullary  canal  (J/c) .  A,  epiblast ;  C,  hypoblast,  oonristiiu^  of 
a  single  layer  of  flattened  cells ;  Me^  medullary  canal ;  Pc,  protovertebxa ;  Wd^  Wolmaa 
duct ;  Sot  somatopleur ;  8pt  splanchnopleur ;  f>/>,  pleuro-peiitoneal  cavity ;  eA«  noto- 
choid;  ao^  donal  aorta,  ocmtAJniTig  blood-ceUs;  v,  blood-vessels  of  the  yoUc-eac. 
(Fbster  and  Balfour.) 


general  body-cavity  is  developed.  In  the  earliest  stages  the  embryo 
lies  flat  on  the  surface  of  the  yolk,  and  is  not  clearly  marked  off 
from  the  rest  of  the  blastoderm ;  but  gradually  the  head-fold,  a 


y,c^ 


^//> 


fSg.  013.— Diagrammatic  longitudinal  section  thi-ough  the  axis  of  an  embryo.  The  head* 
fold  has  commenced,  but  the  tail-fold  has  not  yet  appeared.  F80,  fold  of  the  somato- 
pleur ;  FSp^  fold  of  the  snlanchnopleur ;  the  line  of  reference,  F«o,  lies  outside  the 
embryo  in  the  **  moat,"  which  marks  off  the  overhanging  head  from  the  amnion :  7>, 
inside  the  embryo,  is  that  part  which  is  to  become  the  fore-gut ;  F$o  and  Ftp,  are  i>oth 
parts  of  the  head-fold,  and  travel  to  the  left  of  the  figure  as  development  proceeds ; 
<  pp,  space  between  somatopleur  and  splanchnopleur,  pleuro-peritoneal  cavity ;  Am^ 
ooromencinff  hnd-fold  of  amnion;  AC,  neural  canal;  Ch,  notochord;  /n,  heart; 
A,  By.  C,  epiblast,  meaoblast,  hjrpoblast.     (Foster  and  Balfour.) 


crescentic  depression  (with  its  concavity  backwards),  is  formed  in 
the  blastoderm,  limiting  the  head  of  the  embryo;  the  blastoderm 
IB  tucked  in  under  the  head,  which  thus  comes  to  project 
aboTe  the  general  surface  of  the  membrane  :  a  similar  tucking  in 
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of  blastoderm  takes  place  at  the  caudal  extremity,  and  thus  the 
head-  and  tail-folds  are  formed. 

Similar  depressions  mark  ofif  the  embryo  laterally,  until  it  a 
completely  surrounded  by  a  sort  of  moat  which  it  overhangs  on 
all  sides,  and  which  clearly  defines  it  from  the  yolk.  It  will  be 
understood  that  in  mammals  the  yolk-sac  is  comparativelj 
small. 

This  moat  runs  in  further  and  further  all  round  beneath  the 
overhanging  embryo,  till  the  latter  comes  to  resemble  a  canoe 
turned  upside-down,  the  ends  and  middle  being,  as  it  were, 
decked  in  by  the  folding  or  tucking  in  of  the  blastoderm,  while 
on  the  ventral  surface  there  is  still  a  large  communication  with 
the  yolk,  corresponding  to  the  well  or  undecked  portion  of  the 
canoe. 

This  communication  between  the  embryo  and  the  yolk  isgi*. 
dually  contracted  by  the  further  tucking  in  of  the  blastoderm  from 
all  sides,  till  it  becomes  narrowed  down,  as  by  an  invisible  con- 
stricting band,  to  a  mere  pedicle  which  passes  out  of  the  body  (rf 
the  embryo  at  the  point  of  the  future  umbilicus. 

The  downwardly  folded  portions  of  blastoderm  are  termed  the 
visceral  plates. 

Thus  we  see  that  the  body-cavity  is  formed  by  the  downward 
folding  of  the  visceral  plates,  just  as  the  neural  cavity  is  pro- 
duced by  the  upward  growth  of  the  dorsal  laminro,  the  difference 
being  that,  in  the  visceral  or  ventral  laminae,  all  three  layers  of 
the  blastoderm  are  concerned. 

The  folding  in  of  the  splanchnopleur,  lined  by  hypoblast, 
pinches  off  a  portion  of  the  yolk-sac,  inclosing  it  in  the 
body-cavity.  This  forms  the  rudiment  of  the  alimentary  canal, 
which  at  this  period  ends  blindly  towards  the  head  and  tail, 
while  in  the  centre  it  communicates  at  first  freely,  and  then  by  a 
narrow  tube  with  the  yolk-sac. 

The  cavity  within  the  hypoblast  thus  becomes  divided  into  two 
portions  which  communicate  through  the  vitelline  duct ;  the 
portion  within  the  body  gives  rise,  as  above  stated,  to  the  diges- 
tive canal,  and  that  outside  the  body  remains  for  some  time  as 
the  umbilical  vesicle  or  yolk-sac  (fig.  6i6,  v).  The  hypoblast 
forming  the  epithelium  of  the  intestine  is  continuous  with  the 
lining  membrane  of  the  umbilical  vesicle,  while  the  visceral  plate 
of  the  mesoblast  is  continuous  with  the  outer  layer  of  the  mnbili- 
cal  vesicle. 

The  above  details  will  be  clear  on  reference  to  the  accompany- 
ing diagrams,  some  of  which,  however,  allude  to  structures  we 
have  not  as  yet  touched  upon.     We  may  here  mention  three 
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other  terms  that  are  employed.  The  part  of  tlje  primitive 
alimentary  canal  enclosed  by  the  head-fold  is  called  the  fore-gut ; 
that  enclosed  by  the  tail-fold  is  called  the  hind-gut  ;  the  remainder 
is  called  the  mid-gut. 

We  have  now  seen  the  way  in  which  a  distinct  embryo  with 
foreshadowings  of  the  future  organs  is  formed.     In  subsequent 


Uk.-^. 


F!g,  6i6.— Diagrammatic  aeotion  showing  the  relation  in  a  mammal  between  the  primitiTe 
alimentary  canal  and  the  membranes  of  the  ovnm.  The  sta^e  represented  in  thii 
diagram  corresponds  to  that  of  the  fifteenth  or  seventeenth  day  m  the  human  embryo, 
previous  to  the  expansion  of  the  allantois ;  c,  the  villous  chorion ;  a,  the  amnion ;  a\ 
the  place  of  convergence  of  the  amnion  and  reflexion  of  the  false  amnion  a"  a'%  or 
outCT  or  corneous  layer ;  «,  the  head  and  trunk  of  the  embryo,  comprising  the  primitive 
vertebree  and  cerebro-spinal  axis ;  t,  t,  the  simple  alimentary  canal  in  its  upper  and 
lower  portions.  Immediately  beneath  the  right  hand  i  is  seen  the  foetal  heart,  Iving 
in  the  anterior  part  of  the  pleuro-peritoneal  cavity ;  v,  the  yolk-sac  or  umbilical  vesicle ; 
vt,  the  vitello-mtestinal  opening ;  u,  the  all&ntois  connected  by  a  pedicle  with  the 
hinder  portion  of  the  alimentary  canal.     Quain.) 


sections  we  shall  have  to  study  the  way  in  which  each  set  of 
organs  is  elaborated  fi-om  these  primitive  structures.  We  may 
conclude  this  section  by  giving  a  list  of  the  organs  which  are 
formed  from  the  several  primary  embryonic  layers : — 

I.  From  Epiblast. — a.  The  epidermis  and  its  appendages. 

b.  The  nervous  system,  both  central  and  peripheral. 

c.  The  epithelial  structures  of  the  sense-organs. 
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d.  The  epithelium  of  the  mouth,  the  enamel  of  the  teeth. 

e.  The  epithelium  of  the  nasal  passages. 

/.  The  epithelium  of  the  glands  opening  on  the  skin  and  into 
the  mouth,  and  nasal  passages. 

g.  The  muscular  fibres  of  the  sweat-glands. 

2.  From  Mesoblast. — a.  The  skeleton  and  all  the  connectire- 
tissues  of  the  body. 

b.  All  the  muscles  of  the  body  except  those  of  the  sweat- 
glands. 

c.  The  vascular  system,  including  the  lymphatics,  serous  mem- 
branes, and  spleen. 

d.  The  urinaiy  and  generative  organs,  except  the  epithelium  of 
the  bladder  and  urethra. 

The  Somatoplev/r  forms  the  osseous,  fibrous,  and  muscular  tissues 
of  the  body-wall  including  the  true  skin. 

The  Splanchnopleur  forms  the  fibrous  and  muscular  walls  of 
the  alimentary  canal,  the  vascular  system,  and  the  urino-genital 
organs. 

3.  Prom  Hypoblast. — a.  The  epithelium  of  the  alimentary 
canal  from  the  back  of  the  mouth  to  the  anus,  and  that  of  all  the 
glands  which  open  into  this  part  of  the  alimentary  tube. 

h.  The  epithelium  of  the  respiratory  cavity. 

c.  The  epithelium  of  the  Eustachian  tube  and  tympanum. 

d.  The  epithelimn  lining  the  vesicles  of  the  thyroid. 

e.  The  epithelial  nests  of  the  thymus. 

^.  The  epithelium  of  the  bladder  and  urethra. 

The  FcBtal  Membranes. 

This  subject  will  be  best  understood  by  taking  a  view  (fig.  617) 
of  the  uterus  and  its  contents  after  the  formation  of  all  the 
membranes.  We  can  then  pass  to  the  way  in  which  the  seTeral 
membranes  are  formed. 

The  uterus,  the  muscular  walls  of  which  are  hypertrophied,  is 
Hned  by  a  greatly  thickened  mucous  membrane,  which  is  called 
the  decidtuiy  because  after  the  delivery  of  the  child  it  comes  away 
from  the  uterus  with  the  other  membranes.  The  decidua  is 
divided  into  three  parts ;  the  lining  of  the  uterine  cavity  is 
called  the  decidua  vera  {dv) ;  a  contin\iation  of  this  reflected  over 
the  fcetus  and  its  membranes  is  called  the  decidua  reflexa  (rfr) ; 
the  portion  of  the  decidua  vera  which  is  situated  within  the  line 
of-  attachment  of  the  decidua  reflexa  is  called  the  deeidtia 
terotina  {ds).  These  membranes  are  maternal  in  origin.  Within 
the  decidua  reflexa  are  situated  the  foetal  membranes  ;  the  outer- 
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moet  of  these  is  called  the  chorwn  ;  at  6 rat  thli  ib  covered  with 
villi  ooDtaiiiing  blood-vessels  ;  the  villi  dip  into  the  surrounding 

decidua,  but  soon  all  of  theni  atrophy  and  dit^ippear,  en3ept 
those  that  dip  iwto  the  deeidua  Bcrotina,  where  they  become 
gftJAtlj  enlarged. 

The  chorion  m  really  formed  by  a  fusion  of  two  fcetal  mem- 
branes ;  the  faisa  anmifm  and  the  aUantoU ;  the  allantois  begins 


I 


Fig.  6t  J.— DiAgT»mmAtic  vi^wof  m  yorticui  ttKiiiiv«»e  Mfctimi  of  theateruB  mt  the  Mnrentb 
cJt  cisrhth  week  of  pr^^miue^.  «*  f»  <^»  cavity  of  uterus,  which,  bvuomei  the  c*Ti^  of 
tine  aeddiWt  opening  at  c,  e,  the  oannui,  into  the  F&UciiipiAD  laboB.  and  ^t  ^  rntut  th« 
csritr  o^  tbe  t^rdx^  whidi  hi  closred  hy  n  phiif  at  uiuoiBi  dv,  oeddita  Tem;  d  rt 
dedduft.in^fflKB,  with  the  ifparnpr  rilli  immdaed  in  its  atibiituii»;  if  i|  deoidnA  ifetntiQa, 
iEiTolviag  the  more  developed  ehotionic  villi  of  the  ccunmmrjng  plju»ata.  The  fmtUM 
1a  Been  Ij-ing  in  thf  sitnnkitic  !<ai; ;  ponHJnj?  up  from  the  qmbilicuA  is  Htvd  the  lunbitieal 
eoid  ana  itp  vfh»«Ib  p&Hsinff  to  tbeir  dLatributicn]  in  the  villi  Of  the  ohoricm .  ti^  the 
podkle  n{  the  yolk^^ac,  wnich  Imm  in  the  cavity  Iwtween  the  omniun  ojad  chorion, 
(AUea  Thoiiwni.) 

as  an  outgrowth  from  the  hind-gut ;  the  mjeaublast  which  covers 

it   becomes    developed    into    blood-vesselM^  and   thus   the  false 

amnion  to  which  it  becomes  adherent  is  vasenlarifted  ;  the  main 

els  ill  the  stalk  of   the  allantois  convey   blood  to  and  fro 

^between  the  fcctua  and   the  placmta^     The  placenta  is  formed 
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partly  of  maternal  tissue  (deddua  aerotina) ;  partly  of  fcBltl 
tissue  (chorion).  Within  the  chorion  is  another  foetal  mem- 
brane, which  is  attached  to  the  ventral  wall  of  the  embiyo; 
it  is  called  the  amnion.  This  forms  a  sheath  to  the  allantoic 
stiilk  or  umbilical  c(/rdf  and  is  then  reflected  over  the  rest  of  the 
embryo.     In  the  umbilical  cord  are  seen  the  remains  of  the  foU^ 


Tig.  6i 8.— Diagram  of  an  early  8tag«  of  the  formation  of  the  human  placenta.  «. 
embryo ;  b,  amnion ;  e.  placental  vesselB ;  d,  decidua  refleza ;  «,  ehoaiain ;  /,  pUooBtu 
▼iUi;   ^,muooua  membrane  or  decidua  vera.    (Cadiat.) 


sac  or  umbilical  vesicle.  The  amnion  is  filled  with  amniotic  flmd 
in  which  the  foetus  floats,  and  is  thus  protected  from  externtl 
violence.     The  as  uteri  is  closed  by  a  plug  of  mucus. 

Fig.  6i8  is  a  rather  more  diagrammatic  view  of  the  same 
structures  in  outline,  the  villi  over  the  general  surface  of  the 
chorion  having  distippeared. 


Development  of  the  Beoidua. 

The  ovum  which  luis  been  fertilised  in  the  Fallopian  tubeiisnaUj 
arrives  in  the  uterus  in  the  condition  of  the  trilaminar  blastoderm. 
It  is  larger  than  the  undeveloped  ovum,  but  still  it  is  extremely 
small.  It  arrives  in  the  uterus  from  which  the  mucous  membrane 
was  removed  in  the  preceding  menstrual  flow,  and  the  new  mucous 
lining  (decidua)  which  is  in  progress  of  growth  is  thicker,  more 
pulpy,  and  hiis  longer  glands  than  it  would  have  had  if  fertilisation 
had  not  occurred.  In  this  the  ovum  is  speedily  imbedded, 
usually  near  the  fundus  of  the  uterus ;  the  mucous  membrane 
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grows  over  the  little  ovum  and  encloses  it,  and  so  the  decidua 
reftexa  is  formed  ;  the  decidua  serotina  is  that  part  of  the  decidua 
vera  which  intervenes  between  the  ovum  and  the  uterine  wall 
within  the  circle  of  attachment  of  the  decidua  reflexa. 

With  the  subsequent  growth  of  the  ovum,  the  decidua  reflexa 
expands  also,  encroaching  more  and  more  on  the  uterine  cavity, 
and  ultimately  coming  into  contact  with  the  decidua  vera,  with 
which  it  blends. 

The  glands  of  the  decidua  were  at  one  time  supposed  to  receive 
the  villous  outgrowths  of  the  chorion.  It  has  since  been  shown 
that  these  grow  into  the  substance  between  the  glands.  The 
glands,  however,  furnish  a  secretion  called  uteriTie  milky  which 
assists  the  nourishment  of  the  embryo  previous  to  the  establish- 
ment of  the  placental  circulation.  Later  on  the  glands  are 
obliterated. 

The  decidua  serotina  is  the  part  which  undergoes  most  change ; 
an  irregular  spongy  tissue  is  formed  in  this  situation ;  and  the 
spaces  in  the  spongework  are  filled  with  blood ;  the  spongework 
of  vascular  spaces  is  incompletely  divided  into  what  are  called 
cotyledons  by  fibrous  bands ;  and  each  cotyledon  receives  a  much 
hypertrophied  chorionic  villus.  It  is  this  conjunction  of  chorionic 
villi  with  decidual  tissue  that  makes  up  the  placenta,  which  at 
full  term  is  seven  or  eight  inches  across  and  weighs  nearly  a 
pound. 

The  placenta  is  the  situation  where  the  footus  receives  its 
nutriment  and  its  oxygen.  There  is  no  direct  communication 
between  the  vascular  systems  of  the  mother  aftid  foetus.  The 
sinuses  of  the  placenta  are  filled  with  maternal  blood  from  the 
uterine  arteries ;  the  uterijae-  veins  carry  it  away ;  but  in  these 
blood-spaces  the  tufts  of  foetal  blood-vessels  are  hanging.  Oxygen 
and  nutriment  pass  through  the  walls  of  the  foetal  blood-vessels 
from  the  maternal  to  the  foetal  blood,  and  carbonic  acid,  urea 
and  other  waste  products  pass  in  the  contrary  direction.  The 
foetal  blood  leaves  the  foetus  by  the  two  umbilical  arteries,  which 
are  the  terminal  branches  of  the  foetal  aorta ;  these  pass  in  the 
stalk  of  the  cdlantois  to  the  placenta,  and  after  undergoing 
oxygenation  in  the  placental  tufts  the  blood  returns  by  the 
umbilical  vein  to  the  foetus  once  more. 


Development  of  the  FcBtal  Membranes. 

*nie   Yolki^sao. — We    have  already  considered  the  way  in 
which  the  body  of  the  embryo  is  pinched  off  from  the  yolk-sac. 
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Numerous    blood-vesBels  «re    deyeloped   in   its   wall,  and  the 
nutriment  thu&  absorbed  from  it  passes  to  the  foetal  heart  bj  two 

veins  oalled  the  -  ompkakHne§mUric 
veins.  The  bkxxi-YeBsels .  are  fint 
formed  at  the  drcumferenoft  of  t 
clear  area  surroonding  the  embrjo; 
and  the  place  where  they  are  situated 
is  called  the  vascular  area.  Thii  ii 
shown  about  the  natural  size  in  the 
hen's  egg  in  fig.  619. 

In  birds  the  yolk-sac  aiudi 
nutriment  till  the  end  of  incabi- 
tion,  and  the  omphalo-mesentenc 
vessels  are  developed  to  a  oone- 
sponding  degree;  but  in  "i^m«»*lfi 
the   office  of    the   umbilical  vedde 


Fig.  619.— DlA^inun  showiBg  ▼■»- 
calar  area  in  the  •hick,  a,  ax«« 
peUudda ;  ft,  area  yaaculoea ; 
e,  aiea  vitellma. 


Fig.  622. 

Figs.  620,  621,  and  622.— Dianams  showing  three  suooeasiTe  stages  of  derdopmeni.  Tnm- 
Terse  vertical  sections.  The  yolk-eac,  jr«,  is  seen  progreasiTelj  <ltminiAmp  ja  ^^ 
In  the  embryo  itself  the  medullary  cainal  and  notochord  are  se«a  in  aectkm.  a",  m 
Fi^.  621,  the  alimentary  canal,  becoming  pinched  off  irom.  the  yolk-sac;  «*,  m 
lower  figure,  alimentary  canal  completely  closed ;  a,  in  last  two  flgorea,  amnion;  ae, 
cavity  of  amnion  filled  with  amniotie  fluid ;  pp,  space  between  ■ww^'w  sad  ekotki 
continuous  with  the  pleuro-peritoneal  cavity  inside  the  body ;  »<,  viteUine  me 
or  sona  pellucida ;  yt,  yolk-sac,  or  umbihcal  vesicle.    (Foetar  aod  Balfoar.) 
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nt  a  very   early    period,   m    the   quantitj   of   the   yolk 

ia  sooaU,  and  the  enibryo  soon  becomes  iudepeiidetit  of  it  by 
the  oontiectioiis  it  forms  with  the  parent.  Moreover,  in  bifdsj 
as  tlie  Kic  is  emptied,  it  18  griuiiuilly  drawn  into  the  abdomen 
through  the  umbilical  opening',  whieh  then  closes  over  it  i  bnt  in 
mammalia  it  alwava  remains  on  the  outside  ;  and  us  it  is  emptied 
it  contm^^ta  (li;^.  622),  shrivels  up^  and  together  with  the  part  of 
its  duet  eiteriMil  to  the  abdomen,  is  detached  and  di^iappears^ 
either  before  or  at  the  termination  of  intraniterine  life,  the  period 
of  its  disappearance  varying  in  different  oncers  of  mammalia, 
When  blood-vessels  begin  to  be  developed^  they  ramify  largely 

I  over  the  walls  of  the  umbilical  vesicle,  and  are  actively  concerned 
in  absorbing  its  contents  and  conveying  them  away  for  the 
liutrition  of  the  embryo. 
At  an  early  stage  of  development  of  the  fmtus,  and  lome  time 
before  the  completion  of  the  changes  which  have  been  just 
described,  two  important  structures,  called  reapeetively  the 
I  mmniofi  and  the  ailantou,  begin  to  be  formed. 
^L  Ajmuon^ — The  amnion  is  produced  as  follows  : — Beyond  the 
^■i^d-  and  tail-folds  before  described  (p.  797),  the  somatepleur 
^Hoated  hy  epiblast,  is  raised  into  folds,  which  grow  up,  arching 
^^over  the  embryo,  not  only  anteriorly  and  posteriorly  but  bXbo 
laterally,  and  all  converging  towards  one  point  over  its  dorsal 
surface  (fig.  624)* 

The  folds  not  only  come  into  contact  but  coalesce.  The  inner  of 
the  two  layers  forms  the  tm^'  amnirm  ;  it  is  composed  externally  of 
mesoblast  and  is  lined  by  epiblast ;  the  outer  layer  is  termerl  the 
falM€  amnion  /  it  is  composed  eic  tern  ally  of  epiblast  and  ia  lined 
by  mesoblast^  It  coalesces  with  the  inner  surface  of  the  remains 
of  the  original  vitelline  membrane  or  aona  pellucida. 

The  cavity  between  the  true  amnion  and  the  external  sui-face 
I  of  the  embryo  becomes  a  closed  space,  termed  the  fimmofw  cavitf 
B(ac,  fig*  632). 

^^  At  first,  the  amnion  closely  invests  the  embryo,  but  it  becomes 
gradually  distended  with  fluid  {liq%mr  aTftnii),  which,  as  pregnancy 
advances,  reaches  a  considerable  quantity. 

This  fluid  consists  of  water  oontaining  small  quantities  of 
albumin,  urea,  and  salt^.  Its  chief  function  during  gestation 
appears  to  be  the  mechanical  one  of  affording  equal  support  to  the 
embryo  on  ail  sides,  and  of  protecting  it  as  far  as  possible  from 
the  effects  of  blows  and  other  injuries  to  the  abdomen  of  the 
mother.  It  is  an  exudation  from  both  foetal  and  maternal  blood ; 
the  urea  in  it  comes  from  the  f octal  imnt,  which  is  |>aBsed  into  it 
^p  th^  l^ter  months  of  pregnancy, 
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Fig.  623.— Human  em- 
bryo of  fifth  week 
with  nmbiUcal  resi- 
de ;  about  natural 
siie.  ;Dalton/  The 
human  umbilical  ve- 
aicle  never  exce*>d« 
the  size  of  a  small 
pea. 


f ecmidatea  cgv .    c, 
iimWUeal^«rtd«;  h, 
•maiotie  eavilw;  e, 
(IMtML; 


On  referring  to  figs.  620,  621  and  622,  it  will  be  obvious  that 
the  cavity  outside  the  amnion,  between  it  and  the  false  amnion, 
is  continuous  with  the  pleuro-peritoneal  cavity  at  the  umbiliciu. 
This  cavity  is  not  entirely  obliterated  even 
at  birth,  and  contains  a  small  quantity  of 
fluid,  which  is  dischargeii  during  parturition 
either  before,  or  at  the 
same  time  as  the  amnio-  ^ 

tic  fluid. 

Allantois.  —  Into 
this  space  the  allantois 
sprouts  out,  its  forma- 
tion commencing  during 
the  development  of  the 
amnion. 

Growing  o\it  from  the 
hinder  portion  of  the  in- 
testinal oanal  (r,  fig.  624), 
with  which  it  communi- 
cates, the  allantois  is  at  first  a  solid  pear-shaped  mass  of  splanch* 
nopleur ;    it    becomes  vesicular  by  the  projection  into  it  of  a 
hollow    outgrowth     of     hypoblast      The 
hypoblast,  however,  does  not  extend  very 
far.     The  mesoblastic  part  of  the  allantois 
very  soon  becomes  vascular,  and  insi Dilates 
itself  between  the  anmiotic  folds,  just  de- 
scrilH?d.     It   unites  with   the  outer  of  the 
two  folds  (false  amnion),  wliich  has  itself, 
as  l>efore  said,  become   one  with  the  re- 
mains of  external  investing  membrane  of 
the  efzg.      As  it  grows,   the  allantois  he- 
comes   exceedingly  vascular  ;   in    birds  it 
enveloj»e8   the   whole  embryo — taking  up 
vessels  to  the  outer  investing  membrane 
of  the  egg,  and  lining  the  inner  surface  of 
the  shell   with   a  vascular  membrane,  hv 
these  means  afloniing  an  extensive  siu^ace 
in  which  the  bl«>xl  may  be  aenited.     In 
the   human    subject  and    in   other  niam- 

*?5r-if^*  ^  *^'     malia,  the  vessels   carried    bv  the   allan- 

BaiMl  viiB  Ilea.  '  I  ~.  r  X '« 

STvUdi  Mm  be  foQDd     tois  are    ultimatelv    distributed    onlv  to 

lifihptMUk  (D^tton.:     A  special   part  of  the  false  amnion,  where 

by  interlacement  with  the  Tascular  srstem 


eariv 


Fig,  62c.~Fecandatcd 
vith  ullAxit^>i«  near! 
complrt«\  1.  mner  Iiirer 
of  amniotic  fold :  f .  outer 
layer  of  ditto :  -,  ;*jint 
vhere  Uie  amni^itio  fold» 
comt"  ia  contact.  The 
allantoif  it  tn^en  pen^ 
tntin^  betwet^n  tbeout^r 
and  inner  laver»  of  the 
amniotic  fold».  ITJ;* 
flpire.  vbii.^  rppnnmta 
anb-  tk«  amniock-  folds 
and  the  pan*  within 
\f  tho«ild  be  eoin> 
jfvilhftn.fl-.  6i<. 
I  viu  be  foond 
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In  mamma] i&,  as  the  viBceral  lamina  close  in  the  nbdoniinal 
i»vity»  the  allftiitaia  is  thereby  divided  at  the  umbilicus  into  two 
portiouB ;  the  outer  i>art.j  extending  from  tlie  umbilieas  to  the 
ckari&iif  soon  shrivels  ;  while  the  inner  part  remaining  in  the 
abdomen,  is  in  piirt  converted  into  the  urinary  bladder ;  the  portion 
of  the  inner  part  not  no  converted,  extends  fmm  the  bladder  to  the 


Fie.  ^j^. 


Fig.  627- 


I 


RgB.  6*6  and  627,— -j.  choricm  with  villi.  Tlie  villi  are  4i0wn  to  be  b«t  duvfUrp^d  in  tho 
ptjit  at  the  chorioD  to  which  the  ttllnntais  in  f^^xtv^ndmg ;  tbk  por^oa  ultini«telT  l^^^ 
ooiaa  the  pl»cent«. ;  b,  sp^Oi  bDtwi?L^&  the  true  &tiil  f iil>«  aninjob ;  c,  ftnuuotic  etfity ; 
A  dtoAt&OQ  df  the  intomiie,  showing  it«  oonneotion  with  the  umbiltcii]  Tieiiele  i  «»  um- 
Mkal  vedde  ^  /,  idtaAtiQn  of  heiLt%  lutd  vwm^U ;  ff,  allantoi*. 


I 


mnbilicu?!,  under  the  name  of  the  nrachuM.  After  birth  the  um- 
bilical cord,  and  with  it  the  external  and  shrivelled  portion  of  the 
aUantois^  are  cast  ofl*  at  the  umbiliens,  while  the  nnwkug  remains 
aa  an  impervious  cord  stretched  from  the  top  of  the  urinary 
bladder  to  the  umbilicus,  in  the  niiddle  line  of  the  body,  imme- 
diately beneath  the  parietal  layer  of  the  peritoneum. 

The  Chorion, — This  is  formed  by  the  fusion  of  three 
membranes,  namely,  the  original  vitelline  membrane,  the  outer 
layer  of  the  amniotic  fold  (faUe  amnion),  and  the  allantois  which 
supplies  it  with  iilood*  vessels* 

Very  soon  after  ita  formation,  its  outer  surface  is  beset  with 
fine  processes,  chm^ionk  mlli  (a,  figs,  626,  627),  which  give  it  a 
iiougli  and  sbag^ry  appearance.  At  first  only  cellular  in  structure^ 
these  little  outgrowths  subsequently  bewnie  vascular  by  the 
development  in  them  of  loops  of  capillaries  (fig,  628);  and  the 
latter  at  length  form  the  minute  extremities  of  the  blood-vesaela 
which  are  conducted  from  the  foetus  to  the  chorion  by  the  alJantola. 
The  function  of  the  villi  of  the  chorion  is  evidently  the  absorption 
of  nutrient  matter  for  the  fcEtus ;  and  this  is  probably  supplied  to 
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them  at  first  from  the  fluid  matter,  secreted  by  the  glands  of  the 
utenis  in  which  they  are  soaked.  Soon,  however,  the  fcetal 
vessels  of  the  villi  come  into  more  intimate  relation  with  the 
vessels  of  the  uterus.     The  part  at  which  this  relation  between 

the  vessels  of  the  foetus  and  those  of 
the  parent  ensues,  is  not,  however,  over 
the  whole  surface  of  the  chorion ;  for, 
although  all  the  villi  become  vaacular, 
yet  they  become  indistinct  or  disappear 
except  at  one  part  where  they  are  greatlv 
developed,  and  by  their  branching  give 
rise,  with  the  vessels  of  the  .utenu,  to 
the  formation  of  the  placeiUtu  The 
structure  and  functions  of  the  phoenta, 
however,  we  have  already  described  in 
connection  with  the  decidoa. 

The  umbilical  cord  is  oompoaed 
of  the  following  parts: — (i.)  Ex- 
temally,  a  layer  of  the  amnion,  re- 
fleeted  over  it  from  the  umbilicus. 
(2.)  The  umbilical  vesicle  or  yolk-sac  with  its  duct  and  ap. 
pertaining  omphalo-mesenteric  blood-vessels.  (3.)  The  remains 
of  the  allantois,  and  continuous  with  it  the  urachus.  (4.) 
The  umbilical  vessels,  two  arteries  and  one  vein,  which  ultimately 
form  the  greater  part  of  the  cord.  These  are  embedded  in  a  jelly- 
like  connective  tissue  called  the  Whartonian  jelly. 

The  After-hirih, — In  parturition,  the  pressure  of  the  uterioe 
and  abdominal  walls  upon  the  uterine  contents,  and  especially  on 
the  amniotic  fluids,  causes  a  bulging  of  the  membranes  (combined 
deciduo),  chorion  and  amnion)  through  the  os  uteri.  When  the 
membranes  are  ruptured  the  fluid  escapes,  and  then  the  foetus  it 
expelled.  Later  contractions  of  the  uterus  detach  the  placenta 
from  the  uterine  wall,  and  this  is  in  turn  expelled  ;  the  separation 
extends  around  the  decidua  lining  the  rest  of  the  uterus,  and, 
turned  inside  out,  this  follows  the  placenta,  carrying  with  it  the 
other  membranes.  This  constitutes  the  after-birth.  The  sever- 
ance of  the  umbilical  cord  should  not  be  done  until  some  minutes 
after  the  birth  of  the  child,  or  it  is  deprived  of  a  good  deal  of 
the  blood  which  is  subsequently  squeezed  out  of  the  placenti^ 
into  it. 
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Development  of  the  Framework  of  the  Body. 

The  notoohord  is  a  primitive  vertebral  column  which,  unlike 
the  true  vertebral  column  that  replaces  it,  is  a  single  rod.  In 
ampbioxus  and  the  lampreys,  however,  it  remains  in  the  adult  as 
a  permanent  skeletal  support.  In  structure  it  closely  resembles 
cellular  cartilage  (p.  57),  and  is  enclosed  in  a  sheath.  It  is 
composed  of  a  very  insoluble  proteid-like  matter,  which  is,  however, 
not  collagen.  Collagen,  and  gelatin  which  is  formed  from  collagen 
by  boiling,  are  characteristic  of  true  connective  tissues ;  these  are 
formed  from  mesoblast;  the  notochord  is  hypoblastic.  It  contains 
also,  like  all  embryonic  tissues,  a  large  quantity  of  glycogen.  Its 
place  is  ultimately  occupied  by  the  vertebral  bodies,  but  traces  of 
it  are  found  even  in  the  adult  in  the  centres  of  the  intervertebral 

dlBCS. 

The  protovertebrw  or  protovertebral  somites  form  the 
▼ertebree  and  other  structures  as  well.  Each  divides  vertically 
into  two  parts,  an  inner  and  an  outer.  It  is  the  inner  division 
that  forms  the  vertebrse ;  the  outer  division  is  called  the  musculo- 
cutaneous plate,  and  it  is  continued  into  the  general  mesoblast 
which  divides  into  the  splanchnopleur  and  somatopleur  with  the 
I^euro-peritoneal  cavity  between  them. 

The  inner  portion  of  each  pair  of  protovertebrse  grows  around 
the  notochord  and  in  time  almost  obliterates  it ;  this  forms  the 
body  of  the  vertebra ;  it  also  grows  around  the  primitive  spinal 
cord,  and  so  forms  the  neural  arch  of  the  vertebra.  This  part  of 
the  protovertebra  is  more  distinctly  separated  from  the  other 
segments  of  the  protovertebral  column  from  the  first,  and  so 
allows  the  spinal  nerves  which  are  sprouting  out  from  the  spinal 
cord  to  leave  the  spinal  cord  for  the  body  walls. 

At  first,  all  these  parts  are  composed  of  protoplasmic  embryonic 
cells,  but  as  development  progresses  the  cells  become  specialised 
in  function  and  structure,  some  becoming  cartilage  cells,  others 
muscular  fibres,  &c.  At  a  later  date  still,  the  cartilaginous 
▼ertebree  are  replaced  by  bone. 

The  vertebrae  do  not  exactly  correspond  in  their  position  to  the 
protovertebraB ;  each  vertebra  is  developed  from  the  contiguous 
halves  of  two  protovertebrse.  The  original  segmentation  of  the 
protovertebraB  disappears,  and  a  fresh  subdivision  occurs  in  such  a 
way  that  the  intervertebral  disc  is  developed  opposite  the  centre 
of  each  protovertebra.  In  the  musculo-cutaneous  plate  are 
developed  the  muscles  and  true  skin  of  the  body  wall,  and  th^ 
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While  these  changes  have  been  going  on,  the  ventral  waDs  of 
the  embryo  have  been  formed  by  the  downgrowth  of  the  cephalic 
fold  in  the  head  region,  the  caudal  fold  at  the  tail  end  of  the 
animal,  and  the  two  lateral  or  umbilical  folds  which  grow  last  and 
enclose  the  thoracic  and  abdominal  organs. 

The  embryo  also  undergoes  certain  changes  in  form  and 
attitude ;  in  the  first  place  torsion  takes  place ;  this  is  more 
marked  in  birds  and  reptiles  than  in  mammals  ;  by  this  term  ooe 
means  that  the  embryo  no  longer  lies  ventral  surface  downwards 
facing  the  yolk-sac,  but  turns  slightly  over  so  that  the  left  side  is 
lowermost ;  in  birds  the  embryo  may  turn  through  a  quarter  of  a 


FSg.  629.— A  human  embryo  of  the  fourth  week,  3i  lines  in  length.— i,  the  cfaorion;  3,  put 
of  the  amnion :  4,  umbilical  vesicle  with  its  long*  pedicle  pasmng  into  the  abdamea;  7, 
the  heart ;  8,  the  lirer ;  9,  the  viflceral  arch  destined  to  form  the  lower  jaw.  heomk 
which  are  two  o^er  visoeral  ut^ee  separated  by  the  branchial  clefts ;  10,  roaimflBt  of 
ttie  upper  extremity;  xz,  that  of  the  lower  extremity;  12,  the  nmbilioal  cord;  1$. 
the  eye ;  16,  the  ear ;  17,  cerebral  hemispheres :  z8,  optic  lobes,  corpora  quadrigOBini. 
(Mailer.) 

circle.  Then  the  vertebral  column  becomes  curved,  but  the  chief 
bend  is  known  as  the  principal  cephalic  flexure.  This  occurs  at 
the  anterior  end  of  the  notochord  ;  it  is  a  strong  angular  flexion 
in  the  region  of  the  mid-brain,  which  is  subsequently  the  position 
of  the  sella  turcica. 

In  connection  with  this  must  be  mentioned  the  development  of 
the  pituitary  body  which  occupies  the  sella  turcica  in  the  adult 
It  is  formed  by  the  meeting  of  two  out-growths,  one  from  the 
foetal  brain,  which  grows  downward,  and  the  other  from  the 
epiblast  of  the  buccal  cavity,  which  grows  up  towards  it.  The 
surrounding  mesoblast  also  takes  part  in  its  formation.  The 
connection  of  the  first  process  with  the  brain  becomes  narrowed, 
and  persists  as  the  inf  undibulum,  while  that  of  the  other  prooen 
with  the  buccal  cavity  disappears  completely. 


CH.  LTin.]         FORMATION    OF    LIMBS   AND    HEAD.  8ll 

The  Limbs. — The  muscles  of  the  body  developed  from  the 
lateral  extensions  of  the  protovertebrse  are,  at  first,  like  the 
vertebrae,  arranged  in  successive  segments  or  myotomes.  This  is 
very  well  seen  in  the  ringed  condition  of  the  muscles  in  such 
simple  vertebrates  as  amphioxus.  Even  in  fishes,  where  the  limbs 
are  not  in  a  high  state  of  development,  the  muscular  segments  are 
well  seen.  They  are  seen  also  in  man  in  the  intercostal  muscles, 
and  in  the  abdominal  region  are  indicated  by  the  transverse  septa 
across  the  rectus  abdominis,  but  here,  as  in  other  mammals,  this 
simple  metameric  segmentation  is  masked  by  the  great  develop- 
ment of  the  large  muscles  which  attach  the  limbs  to  the  four 
obmers  of  the  trunk. 

The  limbs  are  lateral  extensions  of  segments  or  somites  in 
certain  situations.  They  consist  of  parietal  mesoblast  covered  by 
epiblast.  At  first  there  is  simply  a  bud,  but  this  grows,  and  in 
time  divides  into  three  segments,  arm,  fore-arm,  and  hand  in  the 
upper  limb ;  thigh,  leg,  and  foot  in  the  lower  limb.  The  hand 
and  foot  then  give  rise  to  buds  corresponding  to  the  digits.  Each 
limb  is  connected  to  a  limb  girdle.  The  epiblast  here,  as  else- 
where, forms  the  epidermis ;  the  true  skin,  subcutaneous  tissues, 
muscles,  blood-vessels,  and  cartilages  (subsequently  replaced  by 
bone)  are  formed  by  differentiation  from  the  mesoblast.  In 
further  development  the  positions  of  the  limbs  become  shifted  by 
rotation,  so  that  the  anterior  (radial)  border  of  the  \ipper  limb 
becomes  outermost,  and  the  anterior  (tibial)  border  of  the  lower 
limb  becomes  internal. 


Formation  of  the  Head. 

In  the  formation  of  the  head,  a  number  of  elements  are  con- 
cerned. There  is  first  the  notochord,  which  extends  as  far 
forwards  as  the  dormm  sellce  ;  this,  however,  as  in  the  vertebral 
column,  is  transitory,  and  is  soon  replaced  by  a  primitive  cartila- 
ginous cranium  developed  from  the  mesoblast  around  it,  as  the 
vertebrffi  are  developed  from  the  protovertebraj.  This  forms  the 
base  of  the  skull.  The  roof  or  cranial  vault  is  formed  by  mem- 
brane bones,  that  is,  bones  not  preceded  by  cartilage;  sense 
capsules  which  are  formed  around  prolongations  of  the  brain,  and 
the  visceral  arches  and  slits  contribute  to  the  formation  of  that 
part  of  the  head  which  is  called  the  face.  The  mesoblast,  which 
continues  up  the  protovertebrse  into  the  head  region  on  each  side 
of  the  notochord,  is  not  separated  into  parts  corresponding  to 
vertebrse.  Cartilage  is  formed  in  it ;  two  cartilaginous  bars,  one 
on  each  side  of  the  potochord,  are  called  the  parachordal  cartilages, 
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and  two  other  bars  embraciug  the  pituitary  body  situated  in  front 
of  these  are  called  the  trabeculm  cranti  (fig.  630,  a).  These  unite 
in  front,  and  with  the  parachordal  cartilages  behind  to  form  t 
continuous  mass  (basilar  cartilage),  which  completely  inTesta  the 
notochord  posteriorly  (fig.  630,  b).  The  parachordal  part  of  thii 
represents  the  basi-occipital  and  basi-sphenoid ;  the  prechordal 
part  represents  the  pre-sphenoid  and  ethmoid  portions  ;  posterioiiv 
and  at  the  sides,  cartilaginous  plates  grow  over  the  cerebnl 
vesicles,  but  this  only  occurs  to  a  small  extent  in  mammals.  In 
these  animals  the  occipital  region  alone  is  roofed  in  by  cartilage; 
the  rest  of  the  cranial  vault  being  formed  of  membrane  bones. 

Anteriorly  the  united  trabeculad  form  the  ethmoid  cartilage  and 
the  nasal  septum,  and  enclose  the  nasal  pits  externally. 

From  the  sides  of  the  pre-sphenoid,  the  lesser  wings  or  oibito- 


Cit,     f'.cA. 


Fig.  630.— Diagrams  of  the  cartilaginoiu  eruuum. 

A,  first  stage.    TA,  notochord;    Tr,  trabeculae  cranii;   P.ek..  parachordal  oartflagw;  f, 

situation  of  pituitary  body ;  Ji,  £",  O,  situations  of  olfactory,  yisnal,  and  anditeiy 
organs. 

B,  later  stage.    77,  basilar  oartUMres;   8,  nasal  septum  and  ethmoidal  GartflsM;  BiK 

Eth\  prolongations  of  ethmoid  around  olfactory  oivan,  comidetmfr  the  naaaloaprale ; 
N,  E,  O,  Ch,  Tr,  P,  as  before.    (After  Wiederihoim.) 


sphenoids  containing  the  optic  foramina  are  developed,  and  from 
the  sides  of  the  basi-sphenoid  the  greater  wings  or  alisphenoids. 
A  cartilaginous  capsule  invests  the  auditory  vesicle  and  beccunes 
connected  to  the  pjirachordal  cartilage  on  each  side.  It  is  called 
the  periotic  capsule ;  within  this  bony  centres  are  formed,  and 
the  bone  constitutes  the  petrous  and  mastoid  portions  of  the  tem- 
poral bone. 

The  Visceral  Clefts  and  Arches. — In  all  vertebrata  there 
is  at  one  period  of  development  a  series  of  slits  in  the  neck  region; 
these  are  formed  as  inpushings  from  the  exterior,  and  open  into 
the  anterior  end  of  the  alimentary  canal.  These  are  six  in 
number,  but  in  man  the  two  hinder  ones  rapidly  disappear ;  the 
first  enlarges  and  forms  the  mouth  ;  and  at  the  sides  of  this  the 
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eym  ai^  formeci  by  depreseioos  of  the  Bkin  wbiah  m€0t  the 
optic  vosicles,  outgrowtbB  from  the  brain.  The  nasal  pit«  tak© 
origiD  as  two  simple  depressions,  the  pritoftry  olfactory  nr  fuutal 
pits ;  theae  become  ctmriected  to  the  first  cleft  or  month.  The 
fieooiid  ilit,  which  corresponds  to  the  spiracle  of  fishes^  becomes  ^ 
the  extenml  auditory  meatus  and  the  Knstachiaii  tube.  The! 
remainder,  which  tiorrespoiid  to  the  ^ill  slit«  of  fiEihcs,  entirely  cloBe 
up  in  mam  Dials,  and  uo  gills  are  developed  on  their  margins . 

The  anterior  border  of  each  cleft  forms  a  fold  or  lip,  the 
branchial  or  Tisoeral  fold.  The  posterior  bonier  of  the  last 
eleft  is  also  formed  into  a  foldj  m  that  there  are  four  clefts  and 
five  folds,  but  the  three  moat  anterior  are  far  more  prominent 
than  the  others^  and  of  these  the  second  is  the  most  eonspleiious. 
The  first  fold  nearly  meets  its  fellow^  in  the  middle  line,  the  Hecond 
lefis  nearly,  and  the  others  in  order  still  less  so.     The  first  arch 


EFSff,  6ji,"i.  MogmO^d  view  from  beiare  of  the  b^ad  »zid  iieok  of  k  bumui  anbiTo  of 
abont  yiT«e  weeki  ^frcnu  Eckerj.  —  i,  imtcnor  cereLnl  veHidle  or  (^orebruni;  i, 
lialddla  dftto;  j,  middle  ur  firunto-aiLS&l  prooeaA;  4,  impiuior  uuudlljuv  procen- 
5,  mft  'f  £,  iMetiar  uluuUiut  |>roee«Wr  or  Qrftt  ruiCKfml  ttrch,  uid  h^low  »  tarn  flm 


posfcHonl  eleft ;  7^  8,  o,   vwoad,  third,  and  fijurt^  iu\'h<«  itnd  delta.    ja>  AnterUtr 
^  iri«w  cf  tha  befui  of  a.  humnn  frntus  of  about  tlis  filth  weok  (from  Ei 
I  Hkfl  tame  jmrtA  Ht  in  a  ^   ^,  the  L^xtemAl  njuaX  or  1»t«[ul  fivntAl 


fumnn  frntus  of  about  tbe  filth  weok  (from  £ck«;).'t,  s,  ^^  5. 

A  ;    J|,  the  L'JttflroAl  njuaX  or  1»t«[ul  fivntAl   procea;  6^  the 

■nperior  rnkxillATx  pioc<^«i ;  7,  ibe  loiv^  jftv ;  ^ ,  tho  tanifiie  ^  jf,  Bm  postKinl  deft 
becQt&iBV  the  me^tUfi  iLuditorlus  extemuji. 


giYOs  off  a  branch  from  its  front  edge,  which  pisses  forwards  to 
meet  its  fellow,  but  these  oftshoota  do  not  quite  meet,  being 
separated  by  a  process  wliich  grows  downwards  from  the  head. 
Between  the  branches,  or  maxillafy  processes,  and  the  main  first 
fold  is  the  cavity  of  the  mouth.  The  branches  represent  the 
superior  maxilla,  and  the  main  folds  the  mandible  or  lower  jaw* 
The  central  proems,  which  grows  down,  is  the  fronto-naaal  process 

From  or  in  connection  with  these  arches  the  following  parts  are 
developed : — 

Th@    hrst    arch    (mandibular)    contains   a   cartilaginous   rod 
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{Meckera  cartilage),  around  tbe  distal  eed  of  which  the  lower  )/kw 
is  develoi>edj  while  the  maUatui  is  otiSiified  from  the  proiimal  mi 
When  the  majtillary  procesBCs  on  the  two  aides  fail  puriiaUy  or 
oompk'tely  to  unite  in  the  middle  line,  the  well-known  cunditwo 
termed  chfi-}miatt  i\»siiltB.  Wheti  tlie  integument  uf  tliw  {mx 
pmseuts  a  Biinilar  daficieucyi  we  huve  the  deformity  known  ig 


rfjr  Jf 


n^imrept  object,  lyinf  on  ftiliHidi 

„__.  .  i -iT»-bi»iii  OT  Tewi^Xe  of  tliiiia  »Mirid^ 

pritii  Pn,  |Ha«»l  gLimd  projectiDf  fruiu  K'  i^mriiiitH  ;  M  B^  mM^bmn  j  €  &,  oenbtll^^ 
rK,  V^  fouath  ventHeki  Z.,  leu*  ;  t  A  »♦  ihoroidnl  «Ut;  'Vn*  F,  auditoi^  ireii«|»:  ii^ 
iuperi(»r  amxinuypnMBeBs;  tF,  xf\  4kc.^  flmtt  second,  ihifd,  A^d  fouttb  Twsnmlnriii; 


Fig*   3j,— Embrfo  chifik  (lUi  dnylt  viev 
( mignifted) .     C  M^  eerubml  hernial 

JK 

r,  fif  tb  nerve,  lendm^  onf^  bmach  (ophthalmic)  to  the  eTs,  nnd  Another  i&  tin  Ibil 
vij}ci?rid  dTuh ;  VII,  Kveath  nerve,  pwwog  to  tib«  aeooiid  viiOetTil  utOi ;  G.  Fk,  fliHt- 
sliMTiif7^»l  nFrvv,  FniMuif  to  the  tiiird  riiDtiml  anrh  ;  /^  jt,  fminunogmjitilo  Denvi,  |n»- 
W  tcmiLrdA  the  lourtli  irt«eml  aieh  ;  i  i%  imfestin*  mum;  e  K  no  toehold;  ila  hmX 
end  cluinot.  bo  seen  in  the  VMag  omhrra.  &nd  it  doe«  not  end  *b  Hhowti  m  the  ftfuv 
but  tAkea  a  ludden  bend  dotrnwajilA,  ojid  thffn  t«iTniiuit«B  la  a  poiat;  m,  hmH  w« 
thtvugh  the  wallA  af  thii  i-htittt :  M  P,  nnuolp-plfttBi ;  ir^  vdiif^,  Abotemg  oom 
dltfcmitlation  of  w^gropnts,  rfjrrrarpandlng  to  ftltn,  fOfiearmt  and  hjGLnd;  S  S.t 
•t&lk ;  Al,  alkiptoi^ ;  /^  A,  bind-tJmb,  as  yet  a  fiha|H^lMi»  buci^  libowiiig  no  diffi 
Hon,    Bcmeaib  it  in  wen  ttio  etured  tall.    (Footer  and  BaUotir.) 


kareMp^     Though  the&e  two  deformities  frequently  co-exist,  i 
are  by  no  roeans  always  necessarily  associated. 

The  ujjper  part  of  the  face  in  the  middle  line  is  developt*d  from 
the  frfmhil^naml  process  (a,  3,  fig.  631). 

From  the  Mcond  arch  are  developed  the   incuSf   »tap€$^^  and 
itapeJiuf  muscki  the  styloid  process  of  the  trm/tond  hooe^  tbil 
$lylihhi/oul  ligamiiut^  atid   the  ifmxUei'  cortm  of  the  %t^iVi  boos.! 


*  Tbe  origin  ot  the  var  ciesiclBS  given  in  the  text  is  only  oae  of  fife  or  ik  j 
i]  i  ff^ i  I'  u  t  V  i  t!  vr  ^  tb  lit  have  h^a  ad  v  ac  ced  by  d i  if ereo t  o  bae  rvem  ' 


OH;Lvm.]  DEVELOPM«l^t    OF*    THE    HEaRI.  81$ 

From  the  third  visceral  arch,  the  greater  comu  and  body  of  the 
hyoid  bone  arise.  In  man  and  other  mammalia  the  other  arches 
disappear.  They  occupy  the  position  where  the  neck  is  afterwards 
developed. 

A  distinct  connection  is  traceable  between  these  visceral  arches 
and  certain  cranial  nerves :  the  trigeminal,  the  facial,  the  glosso 
pharyngeal,  and  the  vagus.  The  ophthalmic  division  of  the 
trigeminal  supplies  the  fronto-nasal  process  ;  the  superior  and 
inferior  maxillary  divisions  supply  the  maxillary  and  mandibular 
arches  respectively. 

The  facial  nerve  distributes  one  branch  (chorda  tympani)  to 
the  first,  visceral  arch,  and  others  to  the  second  visceral  arch. 
Thus  it  divides,  enclosing  the  cleft  next  behind  the  mouth. 

Similarly,  the  glosso-pharyngeal  divides  to  enclose  the  third 
visceral  cleft,  its  lingual  branch  being  distributed  to  the  second, 
and  its  pharyngeal  branch  to  the  third  arch. 

The  vagus,  too,  sends  a  branch  (pharyngeal)  along  the  next 
arch,  and  in  fishes  gives  off  paired  branches,  which  divide  to 
enclose  the  remaining  branchial  clefts. 


Development  of  the  Vascular  System. 

We  have  already  mentioned  that  at  an  early  stage  in  develop- 
ment the  area  vasculosa  makes  its  appearance  in  the  part  of  the 
yolk-sac  which  is  separated  from  the  body  of  the  embryo  by  a 
clear  space  (see  fig.  619).  This  is  produced  by  mesoblastic  cells 
becoming  hollow,  filled  with  blood,  and  uniting  to  form  embryonic 
capillaries  (see  p.  409).  These  vessels  converge  to  two  tnmks, 
one  on  each  side,  which  are  called  the  ompha/o-nieserUeric  or 
vitelline  veins,  and  these  lead  to  the  embryonic  heart. 

The  heart  is  developed  in  the  splanchnopleur,  by  a  folding  off 
of  the  pleuroperitoneal  cavity.  It  appears  beneath  the  posterior 
end  of  the  fore-gut.  Its  first  appearance,  however,  is  as  two 
tubes,  one  on  each  side  of  the  fore-gut.  This  is  shown  in  outline 
in  the  next  diagram  (fig.  633). 

It  will  be  seen  that  the  medullary  groove  is  enlarged  anteriorly, 
and  the  primary  optic  vesicles  are  growing  from  the  first  cerebral 
enlargement.  Eight  pairs  of  protovertebra)  are  shown  ;  and  on 
either  side  of  the  head  the  primitive  tubular  heart  (H)  is  seen. 

If  we  look  at  a  rather  later  stage,  shown  in  transverse  section 
in  the  next  figure  (fig.  634),  we  see  the  two  tubular  hearts  cut 
across,  and  approaching  one  another  beneath  the  alimentary 
canal,  which  is  being  cut  off*  from  the  yolk-sac. 
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Fig.  635  shows  how  the  two  primitive  tabes  have  oosksoed  to 
form  one  (H)  beneath  the  anterior  end  of  the  alimentaiy  etoil, 


Fig.  633.— Babbit  embiro  of  the 
ninth  day,  seen  from  the 
■oifaoe.    (After  KoUiker.) 


Fig.  634.— Diagnunmatio  Metfoa  of  •bIhto. 
f ,epiblast;  So^muDBUfpLear;  ^^ifliMk- 
nopleor ;  P.P., the  plenro-peritoaed  em- 
ty  between  them;  i/,  boart ;  ^.(7.,Mal 
cord;  3r,  notoehcnrd ;  iV.,  pautoicitetn ; 
^.C,  alimentary  canal;  F^.,  yoOMM. 


which  is  in  this  region  quite    cut  off  from   the  yolk-sac.    On 
each  side  of  the  notochord  are   seen  two  smaller  tubes  (i  A) 


FSg.  635.— Diagrammatic  transrerae  section  of  embryo.    N,  notochord ;   A.C.,  ■llwwliry 
canal ;  H,  heart ;  F^.,  yolk-aac ;  P.P.,  plenro-peritooeal  cavity. 

in  section;    these  are  the  transverse  sections  of  the  primitive 
aoctae. 

The  heart  so  formed  presents  the  appearance  depicted  in  fig. 


Fa  c^ 


cm,  hnn.]        defelopmekt  of  the  heart, 

656  ;  this  is  viewed  from  below,  so  that  the  heart  (A)  receiving  tha 

two  oniphalo-meseuteric  veitis  at  its  , 
hinder    end  is  aeen  above  the  ali- 
nieutttry  canal,  the  yolk-sac  having 
heeri  removed. 

The  heart  gives  off  anteriorly 
the  primitive  aorta,  which  aoou 
divides  into  two ;  these  pass  round 
the  blind  auterfor  end  of  the  ali- 
mentary caual,  and  then  pass  back 
along  its  dorsal  aspect  on  each  aide 
of  the  notochord,  as  seen  in  trans- 
verse section  (a,  a)  in  fig.  635, 

The  heart  is  at  first  a  simple 
tube,    but   soon    is   divided  into  & 

I™^B_|^  longitudinal    series    of     chambers 

/      B^Tl'^^^  which  contract  in  the  order  named 

/       B^fc-r-V^_  ->        ^^^    before    backwards:    (i)    the 
/         BHI       \  sinua     vcnoisug,    where    the     veins 

enter j    (2)   the   auricle,    which   in 


I 


flip.  6i6.^Embi7«  difok  {it  houni)^ 
puQit  object  (magnifled}* 


Fig.  6,p.-HG«rt  of  Oifi  chick  ftt  41»  istfa,  65*11, 
mxxa  ^%Xh  tiounn  of  ineutjAtloia,  1,  toe  vauHU 
tnmk*;  i,  tke  &iuidtii  x.  tb«  tiBota-icl*] 
4,  th@  tiiilbai  &]rtsrioita«.    ( Alien  Thamnoa^) 


mammals  fuses  with  the  sinus  to  form  a  single  chamber ;  in 
fishes  and  amphibians  sinus  and  auricle  are  distinct ;  then  comes 
(3)  the  ventricle,  and  (4)  the  commencement  of  the  aorta,  which 
is  called  the  aortic  bulb.  Later  on  the  heart  is  twisted  upon 
itself  in  tlie  way  represented  in  %,  637,  ao  that  the  auricle 
gets  on  the  top  of  the  ventricle,  and  the  ventricle  increases 
in  relative  strength  and  size, 

.      Fig.  638  represents  the  primitive  heart  and  vessels  in  outline. 

I  The  omphalo- mesenteric  veins  (i,  1)  enter  the  auricle  (a) ;  then 
come  the  ventricle  (3)  and  aortic  bulb  (4);  the  two  primitive 
ftortse  arising  from  this  pass  forwards  &x%^  then  tuni  backwards 

[  over  the  end  of  the  fore-gut,  and  join  together  to  form  the  dorsal 
aorta  (6)  lower  down  ;  the  big  branches  {7,  7)  which  it  giv^  oJT 
are  the  two  omphulo-meaenteric  arteries  to  the  yolk-aac. 

The  smaller  allantoic  or  umbilical  arteries  (8,  8)  pass  to  the 
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alhiilMttCKj'the  ciix^olation  in  which  b^ns  soon,  and  this  replaoa- 
th'^  oirctiMtlob:  ^frdfioi  the  yblknaad,  which  in  mammals  is  very  in- 
signifi'c^t:'    The'-ambilicld  arteries  are  the  terminal  brsnches  of 


''-"Tr^. 
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Tig.  638.— Eaiiy  stage  of  em- 
faiTonic  heart  and  blood- 


Fig.  639. — Diagram  of  yoiin^  onliryuanfl 
its  veasela,  ahowiiur  ooone  of  diva- 
lation  in  the  nmbmeal  Tcaiele ;  and 
also  that  of  the  allaatri»  (near  the 
caudal  extremity) ,  wUth  li  jnsfc  oaa- 
mencing.    (Dalton.) 


the  fcetal  aorta ;    the  common  iliac  arteries  to  the  lower  limlw 
arise  later,  when  the  limbs  begin  to  form. 


^i^'-r^yit^gnm  of  embryo  and  its  veesels  at  a  later  stage,  showing  the  seeond  dr- 
wilation.  The  pharynx,  cBsophagus,  and  intestinal  canal  hare  become  foither 
ae?eloped,  and  the  meeenteric  arteries  have  enlan;^,  while  the  umbilical  Taaide  and 
Hi  Taacular  branchee  are  very  much  reduced  in  size.  The  large  «w»^<1m<*i  aitenet 
we  aeen  paning  out  in  the  umbilical  cord  to  the  placenta.    (DattosL) 


C1LLVIII.]  THE    F(ETAL    CIRCULATION.  819 

The  replacement  of  the  circulation  in  the  yolk-sac,  or  umbilical 
vesicle,  by  the  allantoic  or  placental  circulation  is  illustrated  by 
the  next  two  diagrams  (figs.  639,  640). 

As  the  body  develops,  new  arteries  and  new  veins  form,  and  the 
heart  becomes  more  complicated.  The  ventricle  is  divided  into 
two  (right  and  left)  by  a  septum  ;  the  bulb  divides  into  two,  and 
one  division  leads  from  the  right  ventricle  to  the  pulmonary 
artery ;  the  other  leads  as  the  main  aorta  from  the  left.  The 
anrides  are  also  divided  into  two  (right  and  left),  but  the  com- 
plete sepantion  of  the  two  auricles  does  not  take  place  till  after 
birth.  Before  birth,  as  we  shall  see  when  describing  the  later 
foBtal  oireulationy  some  of  the  blood  which  enters  the  right  auricle 
pasaet  into  the  left  auricle  by  a  wide  opening  called  the  foramen 
ovale. 

The  pnhnonary  artery  leads  direct  into  the  descending  aorta; 
the  branches  to  the  lungs  are  small  and  unimportant :  it  is  not  till 
the  ohild  is  bom,  and  begins  to  use  its  lungs,  that  the  arteries  to 
them  assume  importance ;  then  also  the  communication  with  the 
aorta  is  closed,  and  remains  as  a  cord,  called  the  ductus  arteriosus. 

These  changes  will  be  grasped  better  if  we  look  at  the  two  next 
diagrams  (figs.  641,  642). 

The  heart  (fig.  641)  is  in  a  rather  more  advanced  stage  than  in 
fig.  638 ;  it  is  beginning  to  get  a  twist  which  is  bringing  the  ven- 
tricle, now  increasing  in  size,  into  its  subsequent  position ;  but  it 
is  seen  that  instead  of  two  simple  arches  uniting  to  form  a  dorsal 
aorta,  there  are  now  five.  These  correspond  to  the  gill  arteries  of 
fishes,  but  in  mammals  never  break  up  into  capillaries,  as  in  a 
fish's  gills.  They,  however,  run  in  the  visceral  arches,  between  the 
visceral  clefts.     In  amphibia,  three  pairs  persist  through  life. 

In  reptiles  the  fourth  pair  remains  throughout  life  as  the  per- 
manent right  and  left  aorta ;  in  birds  the  right  one  remains  as  the 
permanent  aorta,  curving  over  the  right  bronchus  instead  of  the 
left  as  in  mammals. 

In  mammals  the  left  fourth  aortic  arch  develops  into  the  per- 
manent aorta,  the  right  one  remaining  as  the  subclavian  artery 
of  that  side.  Thus  the  subclavian  artery  on  the  right  side  cor- 
responds to  the  aortic  arch  on  the  left,  and  this  homology  is 
further  confirmed  by  the  fact  that  the  recurrent  laryngeal  nerve 
hooks  under  the  subclavian  on  the  right  side,  and  the  aortic  arch 
on  the  left. 

The  fifth  arch  disappears  on  the  right  side,  but  on  the  left  forms 
the  pulmonary  artery.  The  distal  end  of  this  arch  originally 
opens  into  the  descending  aorta,  and  this  communication  (which  is 
permanent  throughout  life  in  many  reptiles  on  both  sides  of  the 
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body)  remains  throughout  foetal  life  under  the  name  of  the  duchu 
arteriosus  :  the  branches  of  the  pulmonary  artery,  to  the  right 
and  left  lung,  are  very  small, 
and  most  of  the  blood  which 
is  forced  into  the  pulmonary 
artery  passes  through  the  wide 
ductus  arteriosus  into  the 
descending  aorta.  The  first 
and  second  arches  soon  dis- 
appear, but  the  third  arches 
and  portions  of  the  aortic 
roots  remain  as  the  carotid 
arteries  (see  fig.  642). 

As  the  umbilical  vesicle 
dwindles  in  size,  the  portion 
of  the  omphalo-mesenterio 
arteries  outside  the  body  gra- 
dually disappears,  but  the  part 
inside  the  body  remains  as  the 
mesenteric  arteries. 

Meanwhile  with  the  growth       Fig.  64a.— Diamm  of  the  aortic  anhflt  in  % 

manmukLdiowing  transf oimatioiM  whwh 
give  rise  io  the  pennanent  arterial  vends. 
A,  primitive  arterial  atem  or  aortic  bulb, 
now  divided  into  A,  the  aacending  put 
of  the  aortic  arch,  and  ;>,  the  pulxnooair; 
a  a\  right  and  left  aortic  roots ;  A\  d«- 
8oendini§r  aorta;  z,  a.  3,  a,  5,  the  five 
primitive  aortic  or  branchial  arehei; 
/,  //.  ///,  IT,  the  four  branchial  defti 
which,  for  the  sake  of  cleamen,  have 
been  omitted  on  the  right  aide.  Hie  per- 
manent systemic  vesaela  are  deeply,^ 
pulmonary  arteriea  lightly,  shaded :  tibe 
parts  of  the  primitive  arcnea  which  axe 
transitory  are  simply  outlined ;  c,|daoed 
between  the  permanent  common  carotid 
arteries;  e«,  external  carotid  arteries; 
c  t,  internal  carotid  arteries;  «,  right 
subclavian,  rising  from  the  right  aortie 
root  beyond  the  mth  arch ;  v,  rieht  veri»> 
bral  from  the  same,  opposite  the  fom:^ 
an^ :  v'  i^  left  vertebral  and  subdaviaa 
arteries  rising  together  from  the  left,  or 
permanent  aortic  root,  opiKwite  the  f ointh 
arch  :  je>,  pulmonary  arteries  rising  toge- 
ther from  the  left  fifth  arch ;  d,  outer  or 
back  part  of  left  fifth  arch,  fonnirw 
ductus  arterioens ;  />  r,  p  n',  right  and 
left  pneumo^astric  nerves  desomding  in 
front  of  aortic  arch,  with  their  reenrrent 
branches  represented  diagnunmaticaDr 
as  passing  behind,  to  illustrate  the  rda- 
tions  of  these  nerves  respectively  to  the 
right  subclavian  artery  (4)  and  tae  ardi 
of  the  aorta  and  ductus  arteriosns  (<(]. 
(Allen  Thomson,  after  Bathke.) 


Fig.  641.-  Embrjonic  heart  and  vessels. 
O,  veins;  An,  auricle;  V,  ventricle; 
B,  bulb  ;  I,  2,  3,  4,  5,  primitive  aor^ 
arches. 


of  the  allantois  two  new  arteries  (umbilical)  appear,  and  rapidly 
increase  in  size  till  they  are  the  largest  branches  of  the  aorta; 
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they  are  for  a  loxig  time  considerably  larger  than   the  extamal 

iliacs  whicli  supply  the  comparatively  small  hind -limbs. 

VHn^.^'The  eiirliest  veins  to  appear  in  the  ftrtue  are  the  omphalo- 
mefienteric  or  vitelline,  which  return  the  blood  from  the  yolk-aac  to 
the  developing  auricle,  Ab  soon  aa  the  placenta  with  iijn  umbilical 
veins  is  developed,  these  unite  with  the  onipbalo-mesenteiic,  and 
thus  the  blood  which  reaches  the  auricle  comes  partly  from  the 
yolk-sac  and  partly  from  the  placenta.  The  right  omphalo- 
mesenteric and  the  right  umbilical  veins  soon  disappearj  and  the 
united  left  omphalo*mesenteric  and  umbilical  veins  pass  through 
tk€  developing  liver  on  the  way  to    the    auricle.     Two  setn  of 


i%.  64A.— Biiigruiu  eiortrating  ih&  dev^lopmeot  of  wioa  about  th^  liver,    M^  d,  e,  dmeim 
of  CaTier,  Tight  and  left;  e  a,  ri»?lit  ttnd  Irft  cardinal  Yima ;  0,  left  omptuOo^iDeKiibBrk 

yvMni  o\  ri^ht  ompluuo^iD««eiitf^e  vt^id,  fltuiveLled  ^p;  14  ti\  umDiUcttl  Tam«r  ot 
ikb  H%  the  Tight  one,  boM  di^ppared.  BetwMQ  the  -vtmm  oudm&leH  is  max  tlie 
tline  Qt  tliu  mduni-ut&ty  liv«r  witji  Itv  ream  hepatiiw  «dY«lieiifcai  iL&d  rer^beiiteB. 
hihfr  fltAg« ;  /»  ductus  venotfiu ;  1%  hewaUo  tsuu  i  t  i,  reiyi.  t!m.v%  inf ertor  v  P,  gtattl 
\sil  I^F'f  TPn»  ad  T«ll^t«a  -,  m,  mweofcrio  Tfihitt.  (KaUkar. ) 
Is  make  their  appearance  in  connection  with  the  hvcr  (twice 
ieutesj  and  rf^vehefda),  both  opening  into  the  united  omphalo- 

meaenterio  and  umbilical  veins,  in  such  a  way  that  a  portion  of  the 
venous  blood  traversing  the  latter  is  diverted  into  the  developing 
liver,  and,  having  passed  through  its  capillaries,  returns  to  the 
umbilical  vein  through  the  venee  reveheutes  at  a  point  nearer  the 
heart  (see  fig.  643).  The  portion  of  vein  between  the  afferent 
and  efferent  veins  of  the  liver  is  called  the  duettis  venoms.  The 
venBe  advehentes  become  the  right  and  left  branches  of  the  portal 
vein,  the  veme  revehentes  become  the  hepatic  veins,  w^hich  open 
ju^  at  the  junction  of  the  ductus  venosua  with  another  large  vein 
(vena^eava  inferior),  which  is  now  being  developed.  The  mesenteric 
portion  of  the  omphalo- mesenteric  vein  returning  blood  from  the 
developing  intestines  remains  aa  the  mesenteric  vein,  which  bj  its 
'  nnion  with  the  splenic  vein,  forms  the  portal. 

Thus  the  fogtal  liver  m  supplied  with  venous  blood  from  two 
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sources,  through  the  umbilical  and  portal  vein  respectively.  At 
birtl)  tlie  circulation  through  the  umbilical  vein  of  ooorae  com- 
pletely ceases  and  the  vessel  begins  at  once  to  dwindle,  so  that 
now  the  only  venous  supply  of  the  liver  is  through  the  portal  im. 
Another  system  of  veins  which  appears  early,  consists  of 
two  short  transverse  veins  (ducts  of  Cuvier)  which  open  into  the 
right  auricle  on  either  side ;  each  is  formed  by  the  union  of  an 
anterior  cardinal,  afterwards  forming  a  jugular,  vein,  coUectr 
ing  blood  from  the  head  and  neck,  and  a  posterior  cardinal  vein 
which  returns  the  blood  from  the  Wolffian  bodies,  the  vertebral 
columu,  and  the  parietes  of  the  trunk.    This  arrangement  penists 


M 


P  r 


Fig.  644 .— Diagrama  illufttrating  the  deTelopmait  of  the  great  Teins.  d  «,  ducts  of  Cimer ; 
y,  jugular  veins ;  A,  hepatic  veins :  «,  cardinal  Teins ;  »,  Babclavian  Tein ;  j  t,  intnrul 
jugular  vein ;  J  «,  extexmd  jugular  vein ;  a  c,  acTgoe  vein;  e  t,  infezior  vena  cava; 
r,  renal  veins  ;  i  /,  iliac  veins ;  A  ij\  bypogaatric  veina.    (Qegenbanr.) 


throughout  life  in  Ushes,  but  in  mammals  the  following  trans- 
formations occur. 

As  the  kidneys  are  developing  a  new  vein  appears  (vena  cava 
inferior),  formed  by  the  junction  of  their  efferent  veins.  It  receives 
branches  from  the  legs  (iliac)  and  increases  rapidly  in  size  as 
they  grow  :  further  up  it  receives  the  hepatic  veins,  which  by  this 
time  have  lost  their  original  opening  into  the  ductus  venosua. 
The  heart  gradually  descends  into  the  thorax,  causing  tbe  ducts 
of  Cuvier  to  become  oblique  instead  of  transverse.  As  the  fore- 
limbs  develop,  the  subclavian  veins  are  formed. 
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A.tnui0¥er8e  commumcatmg  trunk  now  unites  the  twoprimi- 
tive  jugular  yeins,  and  gradually  increases,  while  the  left  duct  of 
Cuvier  beoomes  almost  entirely  obliterated  (all  its  blood  passing 
by  the  communicating  trunk  to  the  right  side)  (fig.  644,  a  d.). 
The  right  primitive  jugular  vein  remains  as  the  right  innominate 
yein,  while  the  commimicating  branch  forms  the  left  innominate. 
The  right  duct  of  Cuvier  becomes  the  superior  vena  cava.  The 
remnant  of  the  left  duct  of  Cuvier  generally  remains  as  a  fibrous 
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Sciatic 


Fig.  645. 

band,  running  obliquely  down  to  the  coronary  vein,  which  is 
really  the  proximal  part  of  the  left  duct  of  Cuvier.  In  front  of 
the  root  of  the  left  lung,  another  relic  may  be  found  in  the  form 
of  the  so-called  vestigial  fold  of  Marshall,  which  is  a  fold  of  peri- 
cardium running  in  the  same  direction. 

In  some  of  the  lower  mammals,  such  as  the  rat,  the  left  duct  of 
Cuvier  remains  as  a  left  superior  cava. 

Meanwhile,  a  transverse  branch  carries  across  most  of  the  blood 
of  the  left  posterior  cardinal  vein  into  the  right;  and  by  this 
union  the  great  azygos  vein  is  formed. 
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The  upper  portions  of  the  left  poBterior  cardinal  yein  remain  u 
the  left  superior  intercostal  and  vena  azygOB  minor. 

The  azygos  veins  receive  the  intercostal  veins  as  shown  in  the 
diagrams. 

These  views  of  the  origins  of  the  veins  are  chiefij  derived  from  tbe 
observations  of  Rathke  and  Gegenbaur.  They  have  been  generally  accepted 
by  embryologists.  Hochstetter,  however,  has  more  recently  stated  that  eome 
modification  of  these  views  is  necessary.  According  to  him,  the  light 
common  iliac  vein  and  the  portion  of  the  inferior  vena  cava  below  the  renal 
vein  are  parts  of  the  right  cardinal  vein,  and  the  greater  part  of  the  left 
common  iliac  is  the  transverse  iliac  vein,  a  vein  which  grows  metom  at  a 
lower  level  than  the  transverse  azygos.  According  to  theee  vfewi,  the  lower 
part  of  diagram  644D  would  have  to  be  altered  as  in  fig.  645. 


Circulation  op  Blood  in  thb  F(etub. 

The  circulation  of  blood  in  the  foetus  differs  conaideimbly  from 
that  of  the  adult.  It  will  be  well,  perhaps,  to  begin  its  descrip- 
tion bj  tracing  the  course  of  the  blood,  which,  after  being  carried 
out  to  the  placenta  by  the  two  umbilical  arteries,  haa  retained, 
cleansed  and  replenished,  to  the  fcetus  by  the  umbilical  vein. 

It  is  at  first  conveyed  to  the  under  surface  of  the  liyer,  and 
there  the  stream  is  divided, — ^a  part  of  the  blood  paaaing  atnight 
on  to  the  inferior  vena  cava,  through  a  venous  canal  called  the 
ductus  venosu^  while  the  remainder  passes  into  the  portal  vein, 
and  reaches  the  inferior  vena  cava  only  after  circulatiiQig  through 
the  liver.  Whether,  however,  by  the  direct  route  throngh  the 
ductus  venosus  or  by  the  roundabout  way  through  the  liver, — all 
the  blood  which  is  returned  from  the  placenta  by  the  ombiHcal 
vein  reaches  the  inferior  vena  cava  at  last,  and  is  carried  by  it 
to  the  right  auricle  of  the  heart,  into  which  cavity  is  also  pouring 
the  blood  that  has  circulated  in  the  head  and  neck  and  arms,  and 
has  been  brought  to  the  auricle  by  the  superior  vena  cava.  It 
might  be  naturally  expected  that  the  two  streams  of  blood  would 
be  mingled  in  the  right  auricle,  but  such  is  not  the  case,  or  only 
to  a  slight  extent.  The  bhxxi  from  the  superior  vena  cava, — the 
less  pure  fluid  of  the  two — passes  almost  exclusively  into  the  right 
ventricle,  through  the  auriculo-ventricular  opening,  just  as  it  does 
in  the  adult ;  while  the  blood  of  the  inferior  vena  cava  is  directed 
by  the  fold  of  the  lining  membrane  of  the  hearty  called  the  Eutta- 
chian  valve,  through  the  foramen  ovale  into  the  left  auricle,  whence 
it  passes  into  the  left  ventricle,  and  out  of  this  into  the  aorta,  and 
thence  to  all  the  body,  but  chiefly  to  the  head  and  neck.  The 
blood  of  the  superior  vena  cava,  which,  as  before  said,  passes  into 
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the  right  ventiicle,  is  sent  out  thence  in  ^laU  atnomit  through 
the  piilmotiary  artery  to  the  lungs,  and  thence  to  the  left  auricle, 
by   the  ptilmonaty  veius^  aa   in  the  adult.     The  greater  part, 


Miifht  Lp6t 


bowever,  does  not  go  to  the  lungs,  bvit  instead^  passes  through  a 
r  canal,  the  duct  us  artartom^,  leading  from  the  pulmonary  artery 
into  the  aorta  just  below  the  origin  of  the  three  great  vessel s 
which  supply  tlie  upper  parts  of  the  body  ;  and  there  meeting 
that  part  of.  the  blood  of  the  inferior  vena  cava  which  hfts  not 
gone  into  these   large  vessels,   it  is  distributed  with   it  to   the 
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trunk  and  other  parts, — ^a  portion  passing  out  by  way  of  the  tio 
umbilical  arteries  to  the  placenta.  From  the  placenta  it  b 
returned  by  the  umbilical  vein  to  the  under  tfurface  of  the  liver, 
from  which  the  description  started. 

Changes  after  Birth. — Immediately  after  birth  the  foramen 
ovale  begins  to  close,  and  so  do  the  ductus  arteriosus  and  ductus 
venosus,  as  well  as  the  umbilical  vessels ;  the  closure  is  cqid- 
pleted  in  a  few  days,  so  that  the  two  streams  of  blood  which 
arrive  at  the  right  auricle  by  the  superior  and  inferior  vena  olti 
respectively,  thenceforth  mingle  in  this  cavity  of  the  heart,  and 
passing  into  the  right  ventricle,  go  by  way  of  the  pulmoiuuy 
artery  to  the  lungs,  and  thence,  after  purification,  to  the  left 
auricle  and  ventricle,  to  be  distributed  by  the  aorta  to  the  bodj 
generally. 


Development  of  the  Nervous  System. 

The  central  nervous  system  originates  from  the  thickened 
walls  of  the  medullary  groove,  which  by  the  meeting  of  the 
dorsal  ridges  is  converted  into  the  medullary  canal.  These  walls 
are  composed  entirely  of  epiblast.  The  anterior  part  of  this  man 
of  epiblast  becomes  the  brain,  the  rest  of  it  the  spinal  cord ;  the 
canal  itself  is  seen  in  the  adult  as  the  ventricles  of  the  brain  and 
central  canal  of  the  spinal  oord.  The  nerves  are  formed  of 
epiblast  too,  they  are  outgrowths  from  masses  of  cells  called 
neuroblasts,  the  primitive  nerve-cells.  In  the  case^  however,  of 
the  olfactory  and  optic  nerves  we  have  not  to  deal  with  solid 
outgrowths,  but  with  hollow  protrusions  from  the  brain,  whidi 
become  solid  at  a  later  stage. 

The  Spinal  Cord. — The  cavity  formed  by  the  closure  of  the 
neural  canal  soon  becomes  a  cleft  running  from  before  backwank 
It  is  bounded  at  first  by  columnar  epithelium ;  these  cells  afterwaidi 
become  ciliated;  on  their  exterior  is  a  homogeneous  basement 
membrane.  The  wall  soon  becomes  thicker,  and  the  basemcDt 
membrane  is  thus  separated  further  and  further  from .  the  central 
canal.  This  increase  in  thickness  is  due  in  part  to  the  increase 
in  length  of  the  columnar  cells  :  in  part  to  the  appearance  of  new 
cells.  The  inner  part  of  the  columnar  lining  retains  its  palisid^ 
like  character,  and  forms  ultimately  the  lining  epithelium  (A.  the 
central  canal.  The  cells  are  called  spongiobUuts.  The  external 
ends  of  the  cells  break  up  into  a  reticulum  called  the  mydo- 
spongtum,  and  this  is  limited  externally  by  the  basement  memlttine 
at  the  circumference.    The  myelospongium  forms  the  neuroglia. 
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Between  the  inner  endti  of  the  spongioblasts  (fig.  647,  S) 
numerous  rounded  cells  called  germinal  cells  (G)  next  appear. 
These  rapidly  divide,  and  so  form  neuroblasts  (N).  The  neuro 
blasts  are  pear-shaped ;  each  has  a  large  oval  nucleus,  and  its 
tapering  stalk  is  directed  towards  the  outer  surface  of  the  cord  ; 


Flff.  647.— Imier  enda  of  tpongioblMta  (S),  with  sennmal  cells  (O)  between  them.  N  K, 
neftuoblAitB  which  hare  resulted  from  the  divuion  of  a  germinal  cell ;  M,  myelo- 
•pongiiim  fonned  hj  the  brandling  outer  ends  of  the  spongioblast!.    (After  His.) 


the  process  ulthnately  pierces  the  basement  membrane  (fig.  648). 
These  are  the  primitive  nerve  cells ;  their  processes  are  the  axis 
cylinder  processes  which  grow  out  ag  nerve  fibres.     The  nerve 


Wig.  648.— ^niree  neuroblasts,  each  with  a  nenre  fibre 
basement  membrane  of  the  embryonic  —  ''" 


trocess,  growing  out  beyond  the 
cord.   lAfterHis.) 


fibres  are  first  without  sheaths;  the  fomiatiou  of  the  sheaths 
oomes  later  (see  pp.  105,  593). 

The  neuroblasts  collect  into  groups,  one  of  which,  especially 
large,  is  at  the  situation  of  the  future  anterior  honi ;  the  pro- 
cesses of  the  primitive  nerve-cells  pass  out  of  the  cord  as  the 
beginnings  of  the  anterior  roots  (fig.  649).  The  somewhat  oblique 
coursing  of  these  fibres  before  they  leave  the  cord  forms  the 
beginning  of  the  anterior  white  column.  The  posterior  white 
columns  simultaneously  begin  to  appear  on  each  side  of  the 
narrow  dorsal  part  of  the  canal.  They  are  formed  by  the  pos- 
terior roots  entering  the  cord. 

As  the  comua  of  grey  matter  grow  out  from  the  central  mass, 
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the  fiaaures  of  the  cord  begin  to  appear.  The  anterior  or  iretiU^ 
fiaaUTe  is  aimply  a  cleft  between  the  enlarging  lateral  halTes  of  Xht 
ooid.  The  posterior  fissure  is  formed  by  the  closure  of  the  dorsal 
portion  of  the  neural  canal  which  meets  an  ingrowth  of  conn 

tiaeue  from  the  exterior.    The  eharacteristio  cylindrical  form  \ 

cord  is  attained  by  the  development  of  the  lateral  columns,  whfc 
are  formed  by  the  protiesaes  from  neuroblasts  in  the  brain  growtt 
down  the  sides  of  the  cord,  and  these  become  meduUiited  s$  ft 


^^^^^^^ 


Fig.  t^^.^BecMsm  uf  tpiiuil  <Kird  uf  n  fuur  wevIcA  hunun  fimbiji}.    The  povCexiur  f^otet 
oontiuiied  within  Van  OQrd  mto  »,  imiUl  loogitddfiiAj  trasol^  vhicb  u  the  mdioHBt 
tlie  poittmar  white  coluaLti.    The  nntenur  tx»ot«  are  formed  hy  tkie  coor^inaiw  of  t 
pfoc«w@H  of  the  neuTobUuiEii.    Thc'  lattcTt  alcniK  with  thj^  d.oo^t«i  ttHm  «  1^  sq*^^ 
flpoDgiuui,  compiwti  the  grej  nmtt^r.     (BiaO 

later  period.     The  membranes  and  blood-veesek  are  fomied  frocn 
mosoblast, 

Up  to  the  fourth  month  the  cord  and  vertebral  caniJ  loeniae 
in  length  fHiri  pasmt  but  after  that,  the  vcrt4>bral  e-anaJ  gro« 
faster,  so  that  at  birth  the  coccygeal  eud  of  the  coixl  is  oppoeiu 
the  third  lumbar,  and  in  the  adult  opposite  the  first  Innibar 
vertebra.  This  gives  an  obliquity  to  the  lower  nerve  rocvti, 
which  together  with  the  Jilum  i4^mHnaU  form  the  caa^fa  ftfuima. 

The  Nerves, — -These  gn>w  from  the  spinal  cx>rd  ;  the  nngt 
of  the  anterior  root4*  we  have  already  considered.     Th^  p 
roots  are  formed  in  the  following  way. 
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Along  the  dorsal  aspect  of  the  primitive  cord,  a  crest  of 
epiblast  appears  and  is  called  the  neural  crest  Special  enlarge- 
ments of  this  appear  opposite  the  middle  of  each  pair  of  proto- 
TertebrsB ;  these  grow  downwards  on  each  side,  and  their 
attachment  to  the  cord  is  then  entirely  lost.  These  little  islands 
of  epiblast  contain  numerous  neuroblasts ;  each  island  forms  a 
spinal  ganglion,  and  the  neuroblasts  within  it  become  the  cells  of 


ng.  650.— A,  Bipolar  cell  from  spinal  ganglion  of  a  4^  weeks  embryo  (after  His).  «, 
nucleus ;  the  axTOWs  indicate  tbe  dnrection  in  which  the  nerve  processes  grow,  one  to 
the  spinal  card,  the  other  to  the  periphery,  b,  a  cell  from  a  spinal  ganglion  of  the 
adult ;  the  two  processes  have  ooalesoed  to  form  a  T<«hAped  junction. 

tiiat  ganglion.  Two  processes  grow  from  each  cell ;  one  directed 
towards  the  spinal  cord,  where  it  contributes  to  the  formation  of 
the  posterior  white  column,  and  ultimately  arborises  around  the 
cells  of  the  grey  matter  at  a  higher  level.  The  other  grows  to  the 
periphery.  The  t^ro  processes  become  blended  in  the  first  part 
of  their  course  and  so  the  T-shaped  junction  is  formed  (fig.  650). 

The  Brain. — The  histological  details  of  the  formation  of  the 
epithelium  of  the  ventricles  from  spongioblasts,  of  neuroglia  from 
the  myelospongiuni,  of  nerve  cells  from  neuroblasts,  and  of  the 
nerve  fibres  of  the  white  matter  and  of  the  nerves  as  the  out- 
growths from  the  neuroblasts,  are  all  essentially  the  same,  as 
already  described  in  connection  with  the  spinal  cord.  But  the 
grosser  anatomical  details  differ. 

The  front  portion  of  the  medullary  canal  is  almost  from  the 
first  widened  out  and  divided  into  three  vesicles.  From  the 
anterior  vesicle  the  two  primary  optic  vesicles  are  budded  off 
laterally  :  their  further  history  will  be  traced  in  the  next  section. 
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Somewhat  later  the  same  vesicle  divides  into  two,  and  thus  the 
pro9encepha1<fn  and  thcUamencephalon  are  formed. 

In  the  walls  of  the  posterior  (third)  cerebral  vesicle,  a  thicken- 
ing appears  (rudimentary  cerebellum)  which  becomes  separated 
from  the  rest  of  the  vesicle  by  a  deep  inflection. 

At  this  time  there  are  two  chief  curvatures  of  the  brain  (fig. 
651).  (i.)  A  sharp  bend  of  the  whole  cerebral  mass  downwards 
round  the  end  of  the  notochord,  by  which  the  anterior  vesicle, 


Piir.  65T.-  Earlf  stagen  in  dr^-elopment  of  human  brain  fmunifled).  i,  2,  3,  are  {iubib 
embiyo  aboat  seven  weeks  old  ;  4,  aboat  tiiree  months  old.  m,  middle  oerebval  Tnidt 
(mesencephalon) ;  e,  cerebellum  ;  m  o,  medulla  oblongata ;  t,  thalamenoeiAialaii ;  i, 
hemispheres ;  i',  infundibulum ;  " 
courae  of  development ; 
cerebral  hemispheres  wh 
uncovered.  (KoUiker.) 
N.B.— In  fig.  2  the  line  t  terminates  in  the  ri^^t  hemisphere ;   it  ought  to  be  coptmsri 

into  the  thalameooephalon. 


ereDeuum  ;  m  o,  meauua  ooiongaoi ;  t,  inajameDcepoai«m ;  i, 
idibulum ;  fig.  3  shows  the  several  curves  which  occur  ia  tte 
;  fig.  A  is  a  lateral  view,  showing  the  great  eolazgement  of  the 
trhidn  nave  covered  in  the  thalsmi,  leaving  the  optic  lobei,  a, 


which  was  the  highest  of  the  three,  is  bent  downwards,  and  the 
middle  one  comes  to  occupy  the  highest  position.  (2.)  A  sharp 
bend,  with  the  convexity  fon^-ards,  which  runs  in  from  behind 
beneath  the  rudimentary  cerebellum  separating  it  from  the 
medulla. 

Thus,  five  fundamental  parts  of  the  foetal  brain  may  be  distiii- 
guished,  which,  together  with  the  parts  developed  from  them,  maj 
be  presented  in  the  following  tabular  view : — 
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Tablb  of  Parts  dkvblopbd  fbom  Pundamrntal  Pabts  of 
Brain. 


L  Anterior 
Primary 
Vesicle. 


IL  Middle 
Primary 
Yesicle. 


nL  Posterior 
Primary  ■ 
Vesicle. 


First  Secondary  Vesicle, 
Prosencephalon,      < 
Fore-brain. 


Second  Secondary  Vesi- 1 
cle,  Thalamencepha-J 
Ion,  or  Twixt-brain.   1 

j  Third  Secondary  Vesicle,  J 
<      Mesencephalon,        or 
(      Mid-brain.  ] 

/■Fourth  Secondary  Vesi- 
cle, Epencephalon,  or 
Hind-brain. 
Fifth  Secondary  Vesicle, 
Metencephalon,  or 
After-brain. 


••Anterior  end  of  third  ventricle, 
foramen  of  Monro,  lateral  yen- 
tricles,  cerebral  hemispheres, 
corpora  striata,  corpus  callosum, 
fornix,  lateral  ventricles,  olfac- 
tory bulb. 

^  Thalami  optici,  pineal  gland,  part 
of  pituitary  body,  third  ven- 

I      tricle,  optic  nerve  and  retina, 

[     infundibalmn. 

[  Corpora      quadrigemina,     crura 
'     cerebri,  aqueduct  of  Sylvius. 


Cerebellum     and 

Fourth    ven- 

Pons. 

tricle. 

Medulla      oblon- 

gata. 

The  cerebral  hemispheres  grow  rapidly  upwards  and  backwards, 
while  from  their  inferior  surface  the  olfactory  bulbs  are  budded 
o£  The  middle  cerebral  vesicle  (mesencephalon)  for  some  time 
18  the  most   prominent  part  of   the  foetal  brain,  and  in  fishes, 


n^.  6sa. — Side  riew  of  foetal  brain  at  six  months,  showing  commencement  of  formatioc 
of  the  principal  flsmues  and  convolutionB.  jP,  frontal  lobe ;  P,  parietal :  O,  occipital : 
7*,  temporal ;  a  a  a^  commencing  frontal  convolutions ;  «,  Sylvian  flssure ;  /,  its 
anterior  dividon ;  «.  within  it  the  central  lobe  or  island  of  Eeil ;  r,  fiamire  of  Rolando  ; 
p,  paiieto-oocipital  flssore.    (R.  Wagner.) 


iDdphibia,  and  reptiles,  it  remains  uncovered  through  life  as  the 
)p^  lobes.  But  in  birds  the  growth  of  the  cerebral  hemispheres 
thmstB  the  optic  lobes  down  laterally,  and  in  mammalia  com- 
pletelj  overlaps  them. 

In  the  lower  mammalia  the   backward  growth  of  the  hemi- 
q>heres  ceases,  but  in  the  higher  groups,  such  as  the  monkeys 
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and  man,  they  grow  still  further  back,  until  thej  completely 
cover  in  the  cerebellum,  so  that  on  looking  down  on  the  htm 
from  above,  the  cerebellum  is  quite  concealed  from  view.  The 
surface  of  the  hemispheres  is  at  first  quite  smooth,  but  as  earlj  ag 
the  third  month  the  great  Sylvian  fissure  begins  to  be  formed 
(fig.  652). 

The  next  to  appear  is  the  parieto-occipital  fissure ;  these  two 
great  fissures,  unlike  the  rest  of  the  sulci,  are  formed  by  a  curving 
round  of  the  whole  cerebral  mass. 

In  the  sixth  month  the  fissure  of  Rolando  appears :  from  this 
time  till  the  end  of  foetal  life  the  brain  grows  rapidly  in  size,  and 
the  convolutions  appear  in  quick  succession  ;  first  the  great  pri- 
mary ones  are  sketched   out,  then   the   secondary    ones.     The 


Fig.  653.— Longitudixial  section  of  the  primary  optic  yesicle  in  the  chick,  magniflrf  {tnm 
Remak).— A,  from  an  embryo  of  sixty-fiYe  nours ;  B,  a  few  houn  later ;  C, of  the 
fourth  day ;  e,  the  comeoua  layer  or  epidermiB,  presenting  in  A  the  open  deprnni 
for  the  lens,  which  is  dosed  in  B  and  C :  f,  the  lens  follide  and  lens ;  pr,  thejpdiDaiy 
optic  vesicle ;  in  A  and  B,  the  pedide  whidi  forms  the  opt'c  nerve  is  shown ;  m  C,  the 
section  being  to  the  side  of  the  pedide,  the  latter  is  not  shown ;  v,  the  seoondftiy 
ocular  vesicle  and  vitreous  hnmour. 


commissures  of  the  brain  (anterior,  middle,  and  posterior),  and  the 
corpus  callosum,  are  developed  by  the  growth  of  fibres  across  the 
middle  line. 

The  Hippocampus  major  is  formed  by  the  folding  in  of  the  grey 
matter  from  the  exterior  into  the  lateral  ventricles. 

The  Eye. — Soon  after  the  first  three  cerebral  vesicles  have 
become  distinct  from  each  other,  the  anterior  one  sends  out  a 
lateral  vesicle  from  each  side  (primary  optic  vesicle),  which  grows 
out  towards  the  free  surface,  its  cavity  communicating  with  that 
of  the  cerebml  vesicle  through  the  canal  in  its  pedicle.  It 
remains  connected  to  the  thalamencephalon.  It  is  soon  met  and 
invaginatcd  V>y  an  in-growing  process  from  the  epiblast  of  the 
surface  (fig.  653).  This  process  of  the  epiblast  is  at  first  a  depres- 
sion, which  ultimately  becomes  closed  in  at  the  edges  so  as  to 
produce  a  hollow  ball,  which  is  thus  completely  severed  from  the 
epidermis  with  which  it  was  originally  continuous.     From  this 
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hollow  ball  the  (a^fstallme  lens  is  developed.  The  way  in  whii^h 
this  occurs  has  been  described  hi  a  previous  chapter  uoder  the 
head  of  structure  of  the  lens  (see  p.  7Ji)-  %  ^^^  ingrowth  of 
the  lens  the  anterior  w*all  of  the  pnumrj  optic  vesicle  is  forced 
back  nearly  into  contact  with  the  posterior,  and  thus  the  primary 
optic  vesicle  is  almost  obliterated.  The  cells  in  the  anterior  wall 
are   much    longer  than  those  of   the  posterior  wall;    from  the 
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r  654, — Pia^immnmtic  akttch  oi  L  vertical 
loufsrit^Klinai  iw^ctitio  thnjuffh  tbe  eyvbftU  of 
9.  buman  f  loptus  of  f  aur  TT^eia-  The  vection 
ift  A  littk  bo  tiue  flidcp  m  a«  to  SToid  piueiii!^ 
through  the  orulw  pk*fU  r,  the  cuticle 
whcpe  it  Imoomea  Inter  the  c^moul  ^th^- 
liiun  ;  it,  the  leu* ;  itp.  optic  nen-e  formed 
bf  tbe  pedicJei  of  tht  primary  optic  vehicle  ; 
vv^  pnmAiy  meduHiLrv^  tinity  or  optic  vcni- 
m'j  p,  the  pifrmeiit  Uiypr  of  the  rettim; 
r*  she  Inner  wkU  fonning  the  reTnoininur 
of  the  retinn;  p*,  fl€!«3ndary  opti<? 
CQDtaiiiiiig  the  rtidlEoent  of  the 
I  hmnmir.     x  ic»o.    (KrUhlcer^J 


Fig.  ftBi5,-TimBjB?w»ii  Tetttcil  lecCiw 
df  the  ejrebAll  of  &  humam  embryi] 
of  four  wit«k».  The  witcTiDT  half 
of  the  action  k  repmexiteii :  pr^ 
the  raimina  of  the  cavity  of  the 
primary  optic?  vwfrle  ;  p,  the  itmer 
part  wf  till.'  otiti?r  liiyvr  foncinK  ^^ 
t^tinBl  pigineiit ;  r^  the  tbicketied 
inner  part  giruuf  nie  to  the  othur 
sttuct^ureH  of  the  rotUu;  v^  the 
ooiiim«ndn^  vltKOUtt^  kl  humour 
iKithui  the  neoondu?  optlo  Tonde  i 
r ,  tfafl  ociilar  dfift  thii^tigfa  whScli 
the  loop  of  the  central  bli!W-^«i«el, 
d,  pm;pcts  from  helow^  h  the 
lens  with  a  {?«ftitral  cadtr.     X  100. 


¥ 


former  all  the  layers  of  the  retina  are  developed|  except  the  layer 
of  pigment  cells  which  is  formed  from  the  latter. 

The  cup- shaped  hollow  in  which  the  lens  is  now  lodged  is 
tenoed  the  secondary  optie  veaiele :  its  walls  grow  up  all  rontid, 
leaving,  however^  a  slit  below  where  it  meets  the  lens. 

Through  this  slit,  termed  the  chGToidal.  Jissnrey  a  process 
of  mesoblaat  eoutaining  numerous  blood-vessels  prtjjects,  and 
oucnpici  the  tavity  of  the  secondary  optic  vesicle  behind  the  lens, 
61ling  it  with  vitreous  hutjiour  aud  furnishing  the  lens  capsule 
and  the  capanlo-pupiDary  memhrane.  This  pi-ocesa  in  mammals 
projects,  not  only  into  the  aeeondaij  optic  vesicle,  but  also  into 
the  pedicle  of  the  primary  optic  vesicle  invugitiating  it  for  some 
distance  from  beneath,  and  thus  carrying  up  the  artei^ia  cndraliit 
retime  into  its  pemianent  position  in  the  centre  of  the  optic  nerve, 
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This  invagination  of  the  optic  nerve  does  not  occur  in  birdt^ 
and  consequently  no  arteria  centralis  retinas  exists  in  them.  Bat 
they  possess  an  important  permanent  relic  of  the  original  protru- 
sion of  the  mesoblast  through  the  choroidal  fissure,  in  the  peden, 
while  a  remnant  of  the  same  fissure  sometimes  occurs  in  man 
under  the  name  coloboma  iridis.  The  cavity  of  the  primary  optic 
vesicle  becomes  completely  obliterated,  and  the  rods  and  cones 
get  into  apposition  with  the  pigment  layer  of  the  retina.  The 
inner  segments  of  the  rods  are  the  first  formed,  then  the  outer. 
The  cavity  of  its  pedicle  disappears  and  the  solid  optic  nerve  is 
formed.    Meanwhile  the  cavity  which  existed  in  the  centre  of  the 


Fig.  656.— Blood-vessels  of  the  capsulo-papillary  membrane  of  a  new-born  kitten, 
magnified.  The  drawing  is  taken  from  a  preparation  injected  bf  Tiench,  and  ihoira 
in  the  central  part  the  convergence  of  the  net-work  of  vessela  in  the  papQUMXj 
membrane.    (Kulliker.) 


primitive  lens  becomes  filled  up  by  the  growth  of  fibres  from  its 
posterior  wall.  The  epithelium  of  the  cornea  is  developed  from 
the  epiblaat,  while  the  corneal  tissue  proper  is  derived  from  the 
mesoblast  which  intervenes  between  the  epiblast  and  the  primi- 
tive lens  which  wtis  originally  continuous  with  it.  Tlie  aclfrotie 
coat  is  developed  round  the  eye-ball  from  the  general  mesoblast  in 
which  it  is  embedded.  The  choroid  is  developed  from  the  meso- 
blast on  the  outside  of  the  optic  cup,  and  the  iris  by  the  growing 
forwards  of  the  anterior  edge  of  the  optic  cup.  The  ciliary 
processes  arise  from  the  hypertrophy  of  the  edge  of  the  optic 
cup  which  forms  folds  into  which  the  choroidal  mesoblast  grows, 
and  ill  which  blood-vessels  and  pigment-cells  develop. 

The  iris  is  formed  rather  late,  as  a  circular  septum  projecting 
inwards,  from  the  fore  part  of  the  choroid,  between  the  lens  and 
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the  oomea.  In  the  eye  of  the  fcBtus  of  mammalia,  the  pupil  is 
closed  by  a  delicate  membrane,  the  membrana  pupillariSy  which 
forms  the  front  portion  of  a  highly  vascular  membrane  that,  in  the 
fcBtus,  surrounds  the  lens,  and  is  named  the  membrana  capstdo- 
jntpillaru  (fig.  656).  It  is  supplied  with  blood  by  a  branch  of  the 
arteria  centralis  retincB,  which,  passing  forwards  to  the  back  of 
the  lens,  there  subdivides.  It  is  obliterated  in  the  adult,  and  is 
then  called  the  canal  of  Stilling.  The  membrana  capsulo-pupillaris 
withers  and  disappears  in  the  human  subject  a  short  time  before 
birth. 

The  eyelids  of  the  human  subject  and  mammiferous  animals, 
like  those  of  birds,  are  first  developed  in  the  form  of  a  ring. 
They  then  extend  over  the  globe  of  the  eye  until  they  meet  and 
become  firmly  agglutinated  to  each  other.  But  before  birth,  or 
in  the  camivora  after  birth,  they  separate. 

Thj  Ear. — Very  early  in  the  development  of  the  embryo  a 
depression  or  ingrowth  of  the  epiblast  occurs  on  each  side  of  the 
head  which  deepens  and  soon  becomes  a  closed  follicle.  This 
primary  otic  vesicle,  which  closely  corresponds  in  its  formation  to 
the  lens  follicle  in  the  eye,  sinks  down  to  some  distance  from  the 
free  surface ;  from  it  are  developed  the  epithelial  lining  of  the 
membranotis  labyrinth  of  the  internal  ear,  consisting  of  the  vesti- 
bule and  its  semicircular  canals  and  the  scala  media  of  the  cochlea. 
The  surrounding  mesoblast  gives  rise  to  the  various  fibrous  bony 
and  cartilaginous  parts  which  complete  and  enclose  this  mem- 
branous labyrinth,  the  bony  semicircular  canals,  the  walls  of  the 
cochlea  with  its  scala  vestibuli  and  scala  tympani.  The  auditory 
nerve  is  gradually  differentiated  and  grows  towards  the  internal  ear. 

The  Eustachian  tube,  the  cavity  of  the  tympanum,  and  the 
external  auditory  passage,  are  the  remains  of  the  first  post-oral 
cleft.  The  membrana  tympani  divides  the  cavity  of  this  cleft 
into  an  internal  space,  the  tympanum,  and  the  external  meatus. 
The  mucous  membrane  of  the  pharynx,  which  is  prolonged  in  the 
form  of  a  diverticulum  through  the  Eustachian  tube  into  the 
tympanum,  and  the  external  cutaneous  system  come  into  relation 
with  each  other  at  this  point ;  the  two  membranes  being  separated 
only  by  the  proper  membrane  of  the  tympanum. 

The  pinna  or  external  ear  is  developed  from  a  process  of 
integument  in  the  neighbourhood  of  the  first  and  second  visceral 
arches,  and  probably  corresponds  to  the  gill-cover  (operculum)  in 
fishes. 

The  Nose, — The  nose  originates  like  the  eye  and  ear  in  a  de- 
pression of  the  superficial  epiblast  at  each  side  of  the  fronto-nasal 
process   (primary   olfactory   pit),  which   is   at   first   completely 
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separated  from  the  cavity  of  the  mouth,  and  gradually 
backwards  and  downwards  till  it  opens  into  the  mouth. 

The  outer  angles  of  the  fronto-nasal  process,  uniting  with 
maxillary  process  on  each  side,  convert  what  was  at  first  a 
into  a  closed  canal.    The  olfactory  nerve  which  meets  this  is, 
the  optic  nerve,  primarily  a  hollow  process  of  the  brain. 


Development  of  the  Alimentary  CanaL 

THa  alimentary  canal  in  the  earliest  stages  of  its  developm^^  iH^t 
consists  of  three  distinct  parts — the  fore  and  hind  gut  endi.jsc=ag 
blindly  at  each  end  of  the  body,  and  a  middle  segment  wha.  ^r^h 


Fig.  6<7.— Outlines  of  the  form  and  position  of  the  alimentary  oanal  in  raooMrire  stages 
of  its  development.  A,  alimentary  canal,  &c.,  in  an  embryo  of  four  ireeka ;  B,  at  six 
weeks ;  C,  at  eight  weeks  ;  D,  at  ten  weeks  ^  Z,  the  primitiYe  longs  connected  with  tb« 
pharynx ;  «,  the  Htomach ;  d,  duodenum ;  i,  the  small  intestine ;  f,  the  laig« ;  e,  tht 
ceecum  and  vermiform  appendage ;  r,  the  rectum ;  cZ.  in  A,  the  doaoa ;  a,  in  B,  the 
anus  distinct  from  si,  the  sinus  uro-genitalis ;  v,  the  yolk-«ac ;  vij  the  vitello-liitMliBal 
duct ;  u,  the  urinary  bladder  and  urachus  leading  to  the  allantoia ;  ft  genital  dwts. 
(Allen  ThoniKon.) 


communicates  freely  on  its  ventral  surface  with  the  cavity  of  the 
yolk-sac  through  the  vitelline  or  omphalo-mesenteric  duct 

From  the  fore-gut  are  formed  the  pharj-nx,  oesophagus,  and 
stomach  ;  from  the  hind-gut,  the  lower  end  of  the  colon  and  the 
rectum.  The  mouth  is  developed  by  an  involution  of  the  epiblast 
between  the  maxillary  and  mandibular  processes,  which  becomes 
deeper  and  deeper  till  it  reaches  the  blind  end  of  the  fore-gut,  and 
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1  oommunicates  freely  with  the  pharynx  by  the  ftbiorptioii 
«Fm  uuc  j^artitioti  between  the  two. 

At  the  other  end  of  the  alimentary  uanal  the  anue  is  formed 
in  a  precisely  similar  way  by  an  involution  from  tbe  free  atirface, 
which  at  length  opens  into  the  liind-gut.  When  the  depression 
from  the  free  surface  does  not  reach  the  intestine,  t!ie  condition 
known  a8  imperforate  anus  results.  A  mmiiar  condition  mayex.ist 
at  the  other  end  of  the  alimentary  canal  from  the  failure  of  the 
involntion  which  forma  the  mouth,  to  meet  the  fore-gut.     The 


Fif.  $58.— Lobules  at  the  psLTotid,  vdth  the  Balivary  ducts,  in  the  einbfTO  of  Ui©  sljwp^, 

middle  portion  of  the  digestive  canal  becomes  more  and  more 
closed  in,  till  its  origmally  wide  communication  with  the  yolk-sac 
becomes  narrowed  down  to  a  small  duct  (vitelline).  This  duct 
usually  completely  disappears  in  the  adult,  but  occasionally  the 
proximal  portion  remains  as  a  diverticulum  from  the  intestine. 
Sometimes  a  fibrous  cord  attaching  some  pirt  of  the  intestine  to 
the  umbilicus,  remains  to  represent  the  vitelline  duct.  Such  a 
cord  has  been  known  to  cause  in  after-life,  ttrangulation  of  the 
bowel  and  death. 

The  alimentary  canal  lies  in  the  form  of  a  straight  tube  close 
beneath  the  vertebnil  column,  but  it  gradually  becomes  divided 
into  its  special  parts,  stomach,  small  intestine,  and  large  intestine 
(fig,  657)^  and  at  the  same  tin^e  comes  to  be  Huspended  in  the 
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abdominal  cavity  by  means  of  a  lengthening  meaenteiy  fomtd 
from  the  splanchnopleur  which  attaches  it  to  the  verteboJ 
column.  The  stomach  originally  has  the  same  direction  as  the 
rest  of  the  canal ;  its  ctudiac  extremity  being  superior,  its  pylorus 
inferior.  The  changes  of  position  which  the  alimentaiy  ^^nsl 
undergoes  may  be  readily  gathered  from  the  acoompanjing 
figures  (fig.  657). 

Pancreas  and  Salivary  Glands. — The  principal  glands  in  oon- 
nection  with  the  intestinal  canal  are  the  salivary  glands,  pancreas, 
and  the  liver.     In  mammalia,  each  salivary  gland  first  appears  as 


Fig.  659.— Diagram  of  part  of  digestive  tnct  of  a  ohiok  (4th  day).  The  hUuk  line 
represents  hypoblast,  the  outer  shading  mesoblast.  Ift  lung  diTerticaliim  with 
expanded  end  forming  primary  lunff- vesicle ;  St,  stomach ;  I,  two  hepatic  divertirala, 
with  their  terminations  united  by  solid  rows  of  hypoblast  cells  ;  p,  diTertienlum  of  the 
pancreas  with  the  vesicular  diverticula  coming  from  it.    (Qotte.) 


a  simple  canal  with  bud-like  processes,  lying  in  a  msuis  of 
mesoblast,  and  communicating  with  the  cavity  of  the  mouth. 
As  the  development  of  the  gland  advances,  the  canal  becomes 
more  and  more  ramified  (fig.  658).  The  pancreas  is  developed 
exactly  in  the  same  way,  but  its  cells  are  derived  from  the 
hypoblast  lining  the  intestine,  while  those  of  the  salivary  glands 
are  formed  from  the  epiblast  lining  the  mouth.  In  both  oases 
the  blood-vessels  and  connective  tissues  are  formed  from  the 
mesoblast  into  which  the  glandular  structure  grows. 

The  Liver. — The  liver  is  develo[>ed  by  the  protrusion  of  a 
part  of  the  walls  of  the  fore-gut,  in  the  form  of  two  conical  hollow 
branches  (tigs.  659,  660).  The  inner  portion  of  the  cones  consists 
of  a  niniiber  of  solid  cylindrical  masses  of  cells,  derived  from 
the  hypoblast,  which  bocome  gradually  hollowed  by  the  formation 
of  the  Ijcpatic  ducts,  and  among  which  blood-vessels  are  rapidly 
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developed.  The  ic  ere  ting  cells  of  the  organ  mid  the  lining 
epithelium  of  the  ducts  are  derived  from  the  hypoblast,  the  con- 
nective-tiasue  and  re&sek  frfvm  the  iiiesoblast.  The  gall-bhidder 
is  developed  aa  a  diverticuhim  from  the  hepatic  duet. 

The  Epletn  and  lymphatic  ^tandg  are  developed  from  the  meso- 
blaet  I  the  thyroid  onginates  from  the  hypoblast ;  it  grows  as 
diverticula  from  the  fore-gut,  opposite  the  second  and  also  opposite 
the  fourth  visceral  arches.  The  hjpoblastie  ceU«  form  the  lining 
epithelium  of  the  Tesicles ;  the  etroms.  of  the  gland  is  formed  by 
I  the  surrounding  meaoblast.     The  thf/mm  m  formed  in  a  similar 


Fl^,  66a,— Elldimeatii  of  the  liver  ou  Lh*  lat4?stine  of  »  chirk  nt  lbs  ftftii  An^  of  ictmbAticik. 

»i*  boiut ;  3,  Lntefltine  ;   j.  diverticulam  of  the  iiit«itiiie  in  whieb  the  liver  (4J  U  d«T»- 
laped  I  5*  pwt  of  th<f  mnctiTu  layer  of  the  garmJnJil  membniDf .    (MUUerO 
wa 


vay  opposite  the  third  and  fourth  visceral  arehes.  These  hypo- 
bJastic  cells  form  the  neat«  called  the  eorpuacles  of  Hassall ;  the 
lymphoid  tissue  by  which  they  are  invaded  and  ultimately  sur- 
rounded is  mesoblaatic* 


DeTelopmeot  of  the  ReBpiratory  ApparatUB* 


H  The  Lunge,  at  their  6r&t  development,  appear  as  small  tuber- 
oles  or  diverticula   from  tlie  ventral  surface  of  the  opsophagus 

'      (figs.  659,  661). 

H     Tlie  two  diverticula  at  first  open  directly  inlo  the  oesophagus, 

^^but  as  they  gixjw,  a  separate  tube  (the  future  trachea)  h  formed 
at^  their  point  of  fusion,  opening  into  the  oesophagus  on  its  uuterior 
surface.  These  primary  diverticula  of  the  hypoblast  of  the  ali- 
mentary canal  send  off  secondary  branches  into  the  surrounding 
mesoblast,  and  these  again  give  off  tertiary  brunches,  forming  the 
air- cells.  Thus  we  have  the  lungs  formed  :  the  epithelinm  lining 
the  air-cells,  bronchi,  and  tjuchea  is  derived  from  the  hypoblast^ 
,  aiid    i\]\    the    rest    of    the   lung-tissue,    nurvts,    lympbaticSj    and 
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blood-vessels,  cartilaginous   rings,    and   muscular    fibres    of   the 
bronchi  from  the  mesoblast. 

The  diaphragm  is  early  developed  as  a  partition  of  mesoblast 


I  of  a 


Fig.  661  illmtnitM  the  d«velopiii«it  of  the  re^iratory  organs,  a.  is  the  oeaophagas  0 
ohiok  on  the  fourth  day  of  inonbation,  with  the  rudiments  of  the  txaofaea  on  the  h  _ 
of  the  left  ride,  yiewed  laterallT ;  x,  the  inferior  wall  of  the  oesophagus ;  a,  the  upper 
portion  of  the  same  tube ;  3,  toe  rudimentary  lung  \  4,  the  stomach ;  b,  is  the  same 
object  seen  from  below,  so  that  both  lungs  are  visiDle.  o,  shows  the  tongue  and 
respiratory  organs  of  the  embryo  of  a  horse :  z,  the  tongue :  a,  the  larynx ;  1,  the 
trachea ;  4,  the  lungs,  viewed  from  the  upper  side.    (After  Bathke.) 

dividing  the  original  pleuro-peritoneal  cavity  into  thoracic  and 
abdominal  serous  6avities. 


Development  of  the  Q^nito-urinary  Apparatus. 

In  the  early  stage  of  the  development  of   the   urino-genital 
organs,  the  most  striking  thing  seen  is  their  resemblance  to  the 


Pig.  f  62.-  Diagram  of  traiiBveree  section  of  embryo  do^^h.  On  the  right  of  the  middle 
line,  A  B,  the  primitive  Hefrmental  tube  (A)  is  seen  in  transverse  section  ;  on  the  left 
side  a  lattT  Htage  in  reprem'nted  ;  it  here  forms  a  well  marked  projection  into  the 
rleuro-i>erit<)noal  cavity,  and    the  section  i»  repre>*onted  as  passing    throu^  the 

tnimpet-sbaiK'il  op«'ning  of  the  tube  into  that  cavity  ( A  ). 

segfiicTital  orjzans,  or  nephridia  of  worms.  The  subject  was  first 
workc'l  out  by  I^alfour  in  the  elasmobranch  fishes;  we  may  there- 
fore tirnt  d(»s(Til)e  wliat  he  found  hero,  and  tlien  pass  on  to  what 
occuim  in  nianitnals. 


B 

^ 

^ 

H^Hf-            J 
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In  the  preceding  diagram  (fig.  662)  we  have  a  transverse  section 
through  the  embryo  in  which  the  structures  represented  will  be 
familiar  from  our  previous  studies.  About  the  fifth  segment  a 
thickening  in  the  mesoblast  occurs,  which  grows  backwards  as  a 
solid  column  of  cells,  this  becomes  hollow, 
and  is  seen  in  transverse  section  at  A' ;  later 
on  the  hollow  extends  at  one  part  into  the 
pleuro-peritoneal  cavity  by  a  trumpet-shaped 
opening,  and  this  is  seen  cut  through  at  A^. 

This  duct  may  be  termed  the  a/rchin^hros. 
The  prominence  created  by  this  duct  grows 
into  the  pleuro-peritoneal  cavity;  and  a 
number  of  convoluted  tubes,  one  in  each 
segment,  open  into  the  duct,  which  soon 
splits  into  two  longitudinally ;  one  division, 
the  pronephros  or  MiUUrian  duct  (fig.  663,  M), 
has  the  original  opening  into  the  body 
cavity;  the  other  convoluted  tubes  open 
into  the  other  division  of  the  tube ;  they 
become  united  together  by  connective  tissue, 
and  form  a  solid  organ  called  the  Wolffian 
body,  or  mesonephroB,  The  duct  is  called  the 
mesonephricj  or  Wolffian  duct  (fig.  663,  W). 
The  two  ductfl  open  into  the  cloaca  which 
also  receives  the  hinder  opening  of  the  ali- 
mentary canal. 

The  tubules  of  the  Wolffian  body  become 
more  convoluted  and  form  the  tubules  of 
the    head-kidney ;    some    of    their    original 
openings  into  the  peritoneal  cavity  can  be  traced,  however,  even 
in  the  adult. 

From  the  lower  end  of  the  Wolffian  duct  a  protrusion  or  growth 
takes  place,  and  this  also  becomes  hollow,  and  a  number  of 
segmental  tubes  develop  and  form  with  it  an  organ  similar  to 
the  Wolffian  body ;  this  is  called  the  metanephroSf  and  it  forms 
the  hind  kidney,  which  represents  the  true  kidney  of  the  higher 
vertebrates;  the  metanephric  duct  becomes  the  ureter.  It  is 
represented  at  K,  in  fig.  664. 

In  the  female  the  Miillerian  ducts  become  the  oviducts,  and, 
where  they  join,  the  uterus.  In  the  male  they  disappear.  The 
head  or  Wolffian  kidney,  and  the  hind  or  true  kidney  both 
execute  renal  functions  in  both  sexes ;  but  in  the  male,  the 
Wolffian  tubules  apply  themselves  to  the  testis  and  constitute  its 
eflferent  ducts ;  the  main  Wolffian  duct  becomes  the  vas  deferens. 


m  w. 


Fig.  663.  —  Diagnun 
representing  tha 
■plitting  of  til* 
arohinephros  into 
MOUeiian  7m)  and 
Wolffian  (w)  dnota. 
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Thus  in  fishes  and  amphibians,  the  semen  passes  through  tiihules 
which  are  also  renal  in  function. 

In  the  higher  vertebrates  the  subject  has  been  chiefly  studied  in 
the  chick,  but  most  of  the  facts  have  been  confirmed  io  the 

The  archinephros  which  is  first  formed  becomes  the  Wolffian 
duct,  and  the  segmental  tubules,  which  are  rather  more  numerous 


\Uf     M 


Fig.  664.— Diaffram  ihowixig  the  relatioiiB  of  the  female  (the  left-hand  figure  9 )  and  of  i}» 
•  male  (the  nig:bi-handfigure  S )  leproductiTe  oiigaiu  to  the  general  lOan  (the  middlefi^ 
of  theee  organa  in  the  higlier  vertebrata  (including  man).  CI,  doaoa;  B,  rectom; 
Bly  urinary  bladder ;  TT,  ureter ;  JT^kidney ;  Uh,  urethra ;  G,  genital  gland,  oraij,  or 
testis ;  n\  Wolffian  body  ;  W  d.  Wolffian  duct ;  Jf,  HOlleiun  duct ;  P»t^  proUte 
gland ;  Cp,  Oowper's  gland  ;  Cap,  corpus  spongiosum ;  C.c,  corpus  cavemosnm. 

In  iH«  femude.—  V,  mgina;  ITir,  uterus;  Fp,  Fkllopaan  tube;  Gt^  Oaertner's  duet;  h, 

parovarium ;  A,  anus ;  C.e,  (7.«/>,  clitoris. 
In  the  maU.—C.$Pf  C'.c\  penis  ;  Ut,  uterus  masculinis ;  F«,  Tesicula  seminalis ;  Vd,  na 

deferens.    (Huxley.) 

than  one  to  each  segment,  get  bound  into  the  Wolffian  bodj. 
The  Hullerian  duct  is  not  split  off  from  this,  but  is  formed 
separately  by  a  longitudinal  folding  in  of  the  pleuro-peritoneal 
cavity  ;  the  hind  or  true  kidney  is  formed  in  both  sexes  as  before 
by  a  growth  backwards  from  the  Wolffian  duct.  The  tubules  are 
at  first  solid  columns  of  cells  which  are  subsequently  hollowed  out. 
The  Wolffian  bodies,  or  temporary  kidneys,  as  they  may  be 
termed,  give  place  at  an  early  period  in  the  human  foetus  to  their 


C»,  LFJUJ 


THE     WOLFFIAN     BOUJRS.' 
4 


H$ 


i1^*  665.— TimMTmwp  aeetioii  0!  embmi  chick  {third  duv],  mr,  nidimeDtuT  •pioAl  cord ; 
tlu  pziMJtive  <?<?xitTiil  cuwl  bai  become  coiutricrted  in  th&  middle :  ck,  notathard ; 
«  w  I,  ptfimoMi&l  vertebrul  taium ;  m,  muiicyle-pliite ;  ^r,  4/^,  brpoblut  and  TiMKTmi 
la^m  of  meAobliurt  Liniiig  gTUOvet  wbJcb  !»  tiaC  f«|  elmed  in  ta  fotrti  the  iittflHtJniit ; 
«  Oi  ocm  of  th*?  pnmiyve  *ortiB  ;  m  ii»  WoItiUn  body :  «  «  j?,  WoUBaii  duot ;  v  e,  tto* 
0>rdJn*Uj ;  A*  cpibLut ;  hp,  ■omAtopleii?  uid  itH  r«lUeti«i  to  form  n  /,  amnlatic  fnld ; 
jp,  plimro-pentoiifiiiil  caTi  ty .     [  KiUl jii^r . ) 


flf .  666.— 6«Fti<^  of  ititerm«ii&t«  cell-mMt  oti  Iht  f omtb  dAf ,  m,  tammtary  ^  i,,  KKQ*tc»- 
ftenf  -y  a^  g^Tmin&l  epitbcLliuii},  ftuca  Ybicb  t,  the  duct  of  Muiler,  heam\fi»  intoJuCed ; 
«,  iMmBsaA  put  of  g^Tminal  epfthelium  is  vbieh  tb«  nHmltJT^  ovm  O  «itd  a,  ut^ 
lynff ;  ^  ZD0dl:fled  mHHjblaRt,  which  will  fL7nn  tlie  utrcTCOA  of  tlieovuy ;  WA\  WollB«ti 
tlndr}  jr,  WolffiiLndodt.     x  t6o,     (li^aldoycjr.) 
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successors,  the  permanent  kidneys,  which  are  developed  behind 
them.  Each  diminishes  rapidly  in  size,  and  loses  all  renal 
functions.  In  the  male  it  is  developed  into  the  veua  ^erentm, 
cant  vasculosis  and  globtts  major  of  the  epididyoiis ;  and  thm  a 
direct  connection  between  the  secreting  part  of  the  testicle  and 
its  duct  is  brought  about.  The  WolfiBan  duds  persist  in  iht 
male,  and  are  developed  to  form  the  body  and  globus  minor  of  the 
epididymis,  the  vas  deferens,  and  ejaculatory  duct  on  each  aide ; 
the  vesiculsB  seminales  form  diverticula  from  their  lower  part 
In  the  female  a  small  relic  of  the  Wolffian  body  persists  as  the 


Fig.  667.— Diagram  of  two-homed  uterus.  The  hoAj  of  the  ntema  CU)  is  fonned  br  ti« 
furion  of  the  two  MOllerian  ducts,  the  ununited  portions  of  which  xonn  the  oviibeli, 
F&llopian  tubes  or  horns  of  the  uterus  (0,0);  V,  vagina. 

parovarium,  a  functionless  collection  of  tubules  lined  with  ciliated 
epithelium  near  the  ovary  (see  p.  782,  fig.  596,  joo) ;  in  the  male 
a  similar  relic  is  termed  the  organ  of  GiraMh.  The  lower  end 
of  the  Wolffian  duct  remains  in  .the  female  as  the  dwt  of 
Gaertner,  which  descends  towards,  and  is  lost  upon,  the  anterior 
wall  of  the  vagina. 

The  Fallopian  tubes,  the  uterus,  and  the  vagina  are  developed 
from  the  Mullerian  ducts.  The  two  Miillerian  ducts  are  united 
below  into  a  single  cord,  called  the  genital  cord,  and  hx>m  this 
are  developed  the  vagina,  as  well  as  the  cervix  and  the  lower 
portion  of  the  body  of  the  uterus ;  while  the  ununited  portion  of 
the  duct  on  each  side  forms  the  upper  part  of  the  uterus,  and  the 
Fallopian  tube.  In  certain  cases  of  arrested  or  abnormal 
development,  these  portions  of  the  Mullerian  ducts  may  not 
become  fused  together  at  their  lower  extremities,  and  there  is  left 
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a  cleft  or  horned  condition  of  the  upper  part  of  the  uterus  re- 
sembling a  condition  which  is  permanent  in  certain  of  the  lower 
animals  (see  fig.  667). 

In  the  male,  the  Mullerian  ducts  have  no  special  function,  and 
are  but  slightly  developed.  The  hydatid  of  Morgagni  is  the 
remnant  of  the  upper  part  of  the  Mullerian  duct.  The  small 
prostatic  pouch,  utertu  maicidtntu,  or  sinus  poctdarisj  forms  the 
atrophied  remnant  of  the  distal  end  of  the  genital  cord,  and  is, 
therefore,  the  homologue,  in  the  male,  of  the  vagina  and  uterus 
in  the  female. 

We  must  now  pass  to  the  development  of  the  ovary  and  testis. 

Between  the  Wolffian  body  and  the  mesentery,  the  mesoblast 
covering  the  ridge  produced  by  the  projecting  Wolffian  body,  is 
converted  into  a  thick  epithelium  called  the  germ  epithdium  (see 
fig.  666).  From  this  the  reproductive  gland  (ovary  or  testis  as 
the  case  may  be)  is  developed. 

The  manner  in  which  the  ovary  is  formed  is  described  in  out- 
line in  Chapter  LVII.  (p.  786)  ;  the  testis  is  formed  in  a  similar 
way,  only  the  downgrowths  of  cells  which  become  nests  of  cells  to 
form  ova  and  germinal  epithelium  in  the  female,  become  hollowed 
out  as  seminiferous  tubules  in  the  male. 

For  some  time  it  is  impossible  to  determine  whether  an 
ovary  oi:  testis  will  be  developed ;  gradually  however  the  special 
characters  belonging  to  one  of  them  appear,  and  in  either  case 
the  organ  soon  begins  to  assume  a  relatively  lower  position  in 
the  body ;  the  ovaries  are  thus  ultimately  placed  in  the  pelvis ; 
while  towards  the  end  of  foetal  existence  the  testicles  descend 
into  the  scrotum,  the  testicle  entering  the  internal  inguinal  ring 
in  the  seventh  month  of  foetal  life,  and  completing  its  descent 
through  the  inguinal  canal  and  external  ring  into  the  scrotum  by 
the  end  of  the  eighth  month.  A  pouch  of  peritoneum,  the 
processus  vaginalis^  precedes  it  in  its  descent,  and  ultimately  forms 
the  tunica  vaginalis  or  serous  membrane  of  the  organ  ;  the  com- 
munication between  the  tunica  vaginalis  and  the  cavity  of  the 
peritoneum  is  closed  only  a  short  time  before  birth.  In  its 
descent,  the  testicle  or  ovary  of  course  retains  the  blood-vessels, 
nerves,  and  lymphatics,  which  were  supplied  to  it  while  in  the 
lumbar  region,  and  which  accompany  it  as  it  assumes  a  lower 
position  in  the  body.  Hence  the  explanation  of  the  otherwise 
strange  fact  of  the  origin  of  these  parts  at  so  considerable  a 
distance  from  the  organ  to  which  they  are  distributed. 

Descent  of  the  Testicles  into  the  Scrotum, — The  means  by  which 
the  descent  of  the  testicles  into  the  scrotum  is  effected  are  not 
fully  and  exactly  known.     It  was  formerly  believed  that  a  mem 
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brandus  and  partly  muscular  cord,  called  the  gubemcundum  tettit^ 
which  extends  while  the  testicle  is  yet  high  in  the  abdomen,  from 
its  lower  part,  through  the  abdominal  wall  (in  the  situatioa  of 
the  inguinal  canal)  to  the  front  of  the  pubes  and  lower  part  of 
the  scrotum,  was  the  agent  by  the  contraction  of  which  the 
descent  was  effected.  It  is  now  generally  thought,  however,  that 
such  is  not  the  case,  and  that  the  descent  of  the  testicle  and 


r\g.  668— Diagnun  of  the  WoUBan  bodi«8,  If  OUerian  ducts  and  adjacent  parts  praviow  to 
■ezual  discmction,  aa  teen  from  before.  #r,  tbe  supra-renal  bodies;  r,  thekidaeis; 
oC,  common  blastema  of  oTariee  or  testicles ;  W,  Wolffian  bodies ;  «p,  WoUBan  dnda ; 
mm.  MttUehan  ducts ;  9  e,  genital  eord ;  itf,  sinns  nrogenitalis;  i,  intestine;  d, doses. 
(Allen  Thomson.) 


ovary  is  rather  the  result  of  a  general  process  of  development  in 
these  and  neighbouring  parts,  the  tendency  of  which  is  to  pro- 
duce this  change  in  the  relative  position  of  these  organs.  In 
other  words,  the  descent  is  not  the  result  of  a  mere  mechanical 
action,  by  which  the  organ  is  dragged  down  to  a  lower  position, 
but  rather  one  change  out  of  many  which  attend  the  gradual 
development  and  rearrangement  of  these  organs. 

The  homologue,  in  the  female,  of  the  gubemaculum  testis  is  a 
structure  called  the  round  ligament  of  the  uterus^  which  extend* 
through  the  inguinal  canal,  from  the  outer  and  upper  part  of 
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the  uterus  to  the  subcutaneous  tissue  in  front  of  the  symphysis 
pubis. 

At  a  very  early  stage  of  foetal  life,  the  Wolflfian  ducts,  ureters, 
and  Miillerian  ducts,  open  into  a  receptacle  formed  by  the  lower 
end  of  the  allantois,  or  rudimentary  bladder ;  and  as  this  com- 
municates with  the  lower  extremity  of  the  intestine,  there  is  for 
the  time  a  common  receptacle  or  cloaca  for  all  these  parts,  which 
opens  to  the  exterior  of  the  body  through  a  part  corresponding 
with  the  future  anus,  an  arrangement  which  is  permanent  in 
reptiles,  birds,  and  some  of  the  lower  mammalia.  In  the  human 
foetus,  however,  the  intestinal  portion  of  the  cloaca  is  cut  off 
from  that  which  belongs  to  the  urinary  and  generative  organs  ;  a 
separate  passage  or  canal  to  the  exterior  of  the  body,  belonging 
to  these  parts,  is  called  the  nnus  uro-genitalts.  Subsequently, 
this  canal  is  divided,  by  a  process  of  division  extending  from 
before  backwards  or  from  above  downwards,  into  a  *  pars  urinaria ' 
and  a  *  pars  genitalis.'  The  former,  continuous  with  the  urocAtM, 
is  converted  into  the  urinary  bladder. 

The  external  parts  of  generation  are  at  first  the  same  in  both 
sexes. 

The  opening  of  the  genito-urinary  apparatus  is,  in  both  sexes, 
bounded  by  two  folds  of  skin,  whilst  in  front  of  it  there  is 
formed  a  penis-like  body  surmounted  by  the  glans,  with  a  cleft  or 
furrow  along  its  under  surface.  The  borders  of  the  furrows 
diverge  posteriorly,  running  at  the  sides  of  the  genito-urinary 
orifice  internally  to  the  cutaneous  folds  just  mentioned.  In  the 
female,  this  body  becoming  retracted,  forms  the  clitoris,  and 
the  margins  of  the  furrow  on  its  under  surface  are  converted 
into  the  nymphse,  or  labia)  minora,  the  labia  majora  pudendse 
being  constituted  by  the  great  cutaneous  folds.  In  the  male 
foetus,  the  margins  of  the  furrow  at  the  under  surface  of  the 
penis  luiite  at  about  the  fourteenth  week,  and  form  that  part  of 
the  urethra  which  is  included  in  the  penis.  The  large  cutaneous 
folds  form  the  scrotum,  and  later  (in  the  eighth  month  of  develop- 
ment), receive  the  testicles,  which  descend  into  them  from  the 
abdominal  cavity.  Sometimes  the  urethra  is  not  closed,  and  the 
deformity  called  hypospadias  then  results.  The  appearance  of 
hermaphroditism  may,  in  these  cases,  be  increased  by  the  reten- 
tion of  the  testes  within  the  abdomen. 

The  suprorrcnal  capsules  originate  in  a  mass  of  mesoblast  just 
above  the  kidneys  ;  soon  after  their  first  appearance  they  are  very 
much  larger  than  the  kidneys  (see  fig.  668),  but  by  the  more 
rapid  growth  of  the  latter  this  relation  is  soon  reversed. 
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Abdominal  muacles,  action  in  reipira- 

tion,  341 
Abduc«nB  nerve,  610 

oentre,  61 1 
Abductors,  713 
Aberration, 

chromatic,  749 

apherioal,  tb. 
AbMrption 

of  oarbohydrateB,  499 
fete,  500 
food,  498 
proteids,  499 

by  the  skin,  560 
Accelerator  nerves,  160 

urinse,  J30 
Accommodation  of  eye,  743 

defecte  of,  747 

mechanism  of,  745 
Beer's  experiments,  747 
Acetonemia,  497 
Acetyl,  380 

Achroo-deztrin,  378,  46? 
Acids  in  gastric  luice,  469 
Acid-albumin,  306,  471 

properties  of^47i 
Acini  of  secreting  glands,  456,  458 
Acrylic  series,  ^00 
Adamantoblaste,  80 
Adductors  and  sphincters,  713 
Adenine,  542 
Adenoid  or  lymphoid  tissue,  51 

in  intestines,  ^41 
Adenyl,  5^42 
Adipose  tissue,  47.     See  Fat. 

development,  49 

situations  of,  47 

structure,  ib. 

uses,  49 

vessels  and  nerves,  ib. 
Afferent  nerves,  161 
After-birth,  808 

Age,  influence  on  capacity  of  respira- 
tion, 346 
Air, 

atmospheric,  compodtion  of,  363 

breathing,  345 

K.P. 


Amnion. 

Air — continued, 

ohanees  by  breathing,  364 

compiemental,  34J 

quantity  breathea,  ib. 

reeerre.  ib. 

residual,  ib. 

tidal,  ib. 

transmission  of  sonorous    vibrations 
through,  706 

undulations  of,  conducted  by  external 
ear,  ib. 
Air-pumps,  370 
Air-sacs,  335 
Air-tubes.    See  Bronchi. 
Alanine,  470 
Albumin,  382,  385 

acid,  386 

alkali,  ib. 

chemical  composition,  382 

egg,  385,,.    ^,      „ 
crystallisable.  383 

lact-,  385 

serum,  t^. 
crystallisable,  383 
of  blood,  400 
Albuminates,  386 
Albuminoids,  388 
Albuminometer,  Esbach*s,  551 
Albuminous  substances,  381 

action  of  gastric  fluid  on,  472 
Alburoosep,  382 

Alcohol  as  an  accessory  to  food,  453 
Alimentary  canal,  A25  et  seq. 

development  of,  030 
Alkali-albumin,  386 

properties  of,  to. 
Allantoin,  w 

Allantois,  development  of,  801,  806 
Alloxan,  541 
Alloxuric  bases,  ^42 
Amido-acetic  acid,  479 
Ammonia, 

cyanate  of,  isomeric  with  urea,  533 

urate  01,541 
Amnesia,  723 
Amnion,  oevelopment  of,  805 

fluid  of,  802,  bos 
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Amcbr^.. 

Amoobse,  6 

Amoeboid  moFements,  13,  405 

cells,  6 

colourless  corpuscles,  405 

cornea-cells,  726 

protoplasm,  12,  106 

Tradescantia,  14 
Amphiaster,  19 

Amphioxus,  circulatory  system  of,  222 
Amyloids  or  Starches,  378 

action    of    pancreas   and   intestinal 
glands,  476 
of  salira  on,  46^ 
Amylopsin,  action  of,  476 
Amyloses,  ^74 

Anabolic  phenomena,  565,  774 
Anacrotic  pulse,  265 
Anelectrotonus,  177 
Angio-neuroses,  305 
An^ulus  opticus  seii  visorius,  742 
Animal  cell,  structure  of,  8  ti  seq. 
Animal  heat.    See  Heat  and  Tempera- 
ture. 
Ankle-clonus,  646 
Ano-spinftl  centre,  513 
Antagonistic  muscles, 

reciprocal  action  of,  648 
Antero-lateral  ascending  tract,  590 
Antero-lateral  descending  tract,  598 
Antihelix,  to 
Antitragus,  tb. 
Aphasia,  662,  723 
Aphemia,  723 
Apnoca,  351 

Appendices  epiploic«e,  4^0 
Appendix  veriniformis,  to. 
Aquaeductus  cochleae,  702 
Aqueduct  of  Sylvius,  603,  608 
Aqueous  humour,  738 
Arachnoid  membrane,  587 
Arches,  visceral,  812 
Archinephros,  841,  842 
Area  genuinativa,  792 

opanu,  -()3 

pellucida,  7(^2 

vasculosji,  804,  815 
Areolar  tissue,  38 

(Icvelopnient  of,  43 
Arj^inine,  390,  475,  S3« 
Artoria  centralis  retina',  733,  7^8,  8^3, 

835. 
Arterial  toiinion  in  asphyxia.  361 
Arteries,  205 

bronihial.  33(> 

circulation" in,  258 
volo(it\-  of.  jA. 

(•«)ron;ir\ ,  2^n 

<li>trihutioii,  205 
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Arteries — eontinuid, 

pulse,  261  et  9$q. 

renal,  529 
ligature  of,  t^. 

rhytnmic  contraction,  261  #<  »eq. 

structure,  206  et  9eq. 

umbilical,  808,  820 

velocity  of  blood  in,  255 
Articulate  sounds,  claasincation  of, 

rowels  and  consonants,  722 
Arytenoid  cartilages,  ^\2 

effect  of  approximation,  714 

movements  of,  ib. 
Arytenoid  muscle,  317 
Ascending  tubule  of  Henle,  518 


Asphyxia,  k8  et  teq. 
causes  ofdeath  in. 
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elasticity,  2(0 

niuscularifv.  l/>  I 

nerves  <<\\  2"S 

nervous  sNsiciu,  ititluencr  of,  300  I 

j)Vff*^utr  ol"  blood  in  asphyxia,  3()i 


conditions  of  the  vascular  sriteiii  in, 
ib. 

symptoms,  358 
Assimilation,  7,  498,  565 
Association  fibres,  634 
Astigmatism,  ^49 
Atmospheric  air,  362.     8m  Air. 

composition  of,  363 

pressure  in   relation    to   respimtion, 
362 
Atropine,  effect  of, 

on  heart,  246 

on  salivary  secretion,  462 
Attraction  sphere,  12,  781,  786, 7M,  789, 

790 
Auditory  canal,  706  et  teq. 

function,  ib. 
Auditorj'  area,  663 
Auditorv  nerve,  WI,  703 

distrioution,  703 

origin,  611 
Auerbach's  plexus,  434 
Auricles  of  heart.     See  Heart. 
Auricular  diartole,  224 

systole,  225 
Auriculo- ventricular  valTM.     See  Heart 

valves. 
Axis-cylinder  of  nerve-fibre,  99 


B. 

Bacterial  action  on  intestinal  digestion, 

Bacterium  lactis,  377 
Bamard'i*  eardiometer,  241 
Rasement-membranes,  51, 438 
Brtsophile  cells,  405 
PattericH  and  kevs,  112 

Daniell  cell,  ih. 
Beer's  ex{)eriinents  on  aooommodation 

of  the  eye,  T47 
Rezold'fi  panglion,  247 
Bicuspid  valve,  201 
Bidder's  ganglion,  247 
Biederraann's  fluid,  107,  note 
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Bile,  487 
absorption  by  lymph,  493 
analvsea  of  human,  489 
capillarieSf  ^85 
characters  of,  489 
constituents  of,  488,  480 
digestive  properties,  470,  492 
doubtful  antiseptic  power,  4^2 
influence  of,  on  fat  absorption,  490, 
502 
fasting  on  secretion,  572 
mixture  with  ch3rme,  492 
mucin,  489 
pigments,  490 
process  of  secretion,  488 
quantity  secreted,  489 
salts,  490 

secretion  and  flow,  489 
specific  gravity,  489 
uses,  492 
Bile-ezpelUng  mechanism,  493 
Bilirubin,  417,  488,  490 
Biliyerdin,  yp 
Binocular  vision,  766 
Bipolar  nerve-cells,  188 
Birth,  changes  after,  826 
Biuret  test,  384 

Bladder,  urinary.  Ste  Urinary  Bladder. 
Blastema.     See  Protoplasm. 
Blastoderm,  bilaminar,  792 
trilaminar,  ib. 
unilaminar,  791 
Blastopore,  ib. 
Blastosphere,  790 
Blind  spot,  752 
Blocking,  249 
Blood,  82,  393 
arterial   and   venous,  difference  be- 
tween, 204 
buffy  coat,  397 
carlwnic  acid  m,  367 
circulation  of,  2ii  et  teq. 
in  the  foQtus,  824 
local  peculiarities,  270 
schema  of,  221 
coagulation,  82,  395  et  teq. 
colour^  82,  393 
colouring  matter,  413 

relation  to  that  of  bile.  417 
corpuscles  or  cells  of,  82,  401.     See 
Blood-corpuscles, 
redj  401 
white,  404 
crystals,  414  et  seq. 
extractive  mattprs,  40 1 
fatty  matters,  ib. 
tibrm,  395 

separation  of,  396 
gases  of,  366 
Dannoglobin.  401,  413  et  seq. 

photograDtiic  spectrum  of,  421 
odour  or  halitus  of,  394 
oxygen  in,  367 


Blood — eimtinued. 

oxyhssmoglobin,  413  et  teq. 
photographic  spectrum  of,  421 

plasma,  393,  398 

proteids  of,  400 

quantity,  394,  395 

reaction,  xb. 

salts,  401 

serum  of,  395,  398 

specific  gravity,  393 

splenic,  ^17 

structural  composition,  401 

taste,  394 

temperuture,  ib. 

tests  for,  424 

venous,  204 
Blood-corpuscles,  red,  82, 401 

action  of  reagents  on,  403  et  seq. 

composition  of,  413 

development,  409 
intracellular,  41 1 

disintegration  and  removal,  317 

methods  of  counting,  407 

origin  of  matured,  4 10 

rouleaux,  403 

specific  gravity,  402 

stroma,  401 

tendency  to  adhere,  402 

varieties,  401 

vertebrate,  various,  403 
Blood-corpuscles,  white,  404 

action  of  reagents  on,  do6 

amoeboid  movements  01, 405 

composition  of,  413 

emigration  ol,  200 

formation  in  splern,  317,  41 1 

locomotion,  405 

ori^n  of,  412 

varieties,  40(> 
Blood-crystals,'  414  ^/  seq. 
Blood-platelets,  407 
Blood-pressure,  274  et  seq, 

in  capillaries,  283 

in  veins,  ib. 
action  of  respiratory  moTements  on, 
270 

measurement  in  man,  288  et  seq, 

schema  to  illustrate,  275,  277 
Blood-vessels, 

circulation  in,  254 
eflect  of  gravity,  287 

elasticity  of,  2i;9 

of  eyeball,  738 

in  intestines,  437 

of  kidney,  520 

uf  muscle,  93 


of  stomach,  I32 

2Q0 


influence    of*  nervous   system   on, 


Body-cavity,  796 

Bone,  58 
canaliculi,  60 
cancellous,  58 
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Bone. 

Hone -continued. 
chemical  compoeition,  58 
compact,  t^. 

lamellee  of,  62 
deyelopment,  63  et  teq. 

Sowth,  69 
aversian  canals,  61 
laconio,  ib. 
marrow,  59 
medullary  canal,  58 
microscopic  structure,  60 
ossification  in  cartilage,  G4 
periosteum  and  nutrient  blood- yessels. 

59 

structure,  58  et  aeq. 
Bowman's  muscle,  70^ 
Brain.    See   Bulb,   Cerebellum,    Cere- 
brunif  Pons,  etc. 

capillaries  of,  270 

child's,  637 

circulation  of  blood  in,  270  et  atq. 

conyolutions,  636 

development,  829 

dog's,  657 

extirpation  of,  in  mammals,  652 

in  foetus,  605 

grey  matter,  186 


}obes,639 
lunatic  s,  667 


membranes  of,  587 

monkey's,  658 

motor  areas,  659 

orang's,  638 

quantity  of  blood  in,  271 

sensori-motor  area,  664 

sensory  areas,  662 

Tertebrate  (section),  605 

Tentricles,  003 

white  matter,  186 
Branchial  clefts,  813 
Bread  as  food,  451 
Breathing.     See  Respiration. 
Broca's  convolution,  662,  723 
Bronchi,  arrangement  and  structure  of, 

329 
Bronchial  arteries  and  veins,  336 
Brownian  movement,  106 
Bruch,  membrane  of.  729 
Brunner's  glands,  438 
Buffy  coat,  formation  of,  397 
Bulb,  pons  and  mid -brain.  O06 

anterior  aspect,  1^. 

internal  stnictui-e,  615  ^/  «c^. 

posterior  aspect,  608 
Biubus  arteriosus,  817 
Burt'h's  experiments  on  colour  vision^ 

BurdaohV  column,  593,  596,  608,  616 
Burdon  Sanderson's  stetnograph,  342 
Burs»,  synovial,  455 
Butyric  acid,  377,  478 


C. 

Cachexia  strumiprim,  323 
Uatfeine,  453 
Calcification  of  bone,  66 
Calcium  carbonate,  58 
in  urine.  550 
fluoride,  50 
oxalate  in  urine,  549 
phosphate,  58 
Calorimeters,  582,  583 
Calyces  of  the *Eidneys,  514 
Canal^  alimentary.    See  Stomach,  Intes- 
tines, etc. 
external  auditory,  697 

function  of,  706 
spiral,  of  cochlea,  701 
Canal  of  Schlemm,  732 
of  Petit,  738 
of  Stilling,  835 
Canaliculi  of  bone,  60 
Canals,  semicircular,  of  ear,  669 

development  of,  835 
Cancellous  tissue  of  oone,  58 
Cane  sugar.  376 
Capacity  or  chest,  vital,  345 
Capillaries,  212 
bile,  485 
circulation  in,  257,  266 

velocity  of^  257 
development,  815 
diameter,  212 
form,  213 

influence  on  circulation,  266 
network  of,  213 
number,  214 
passage  of  corpuscles  through  wallf 

of,  268 
pressure  in,  283 

resistance  to  flow  of  blood  in,  266 
still  layer  in,  t^. 
sixe,  213 
structure  of,  212 
I   Capsule  of  Bowman,  516 
I       of  Glisson,  48s 
I    Capsules,  Malpighian,  5x6 
'    Carbamide.     See  Crea.' 
,    Carbohydrates,  374  et  teq, 
j       absorption  of,  499 
I    Carbonates  in  urine,  545 
'    Carbonic  acid  in  atmospnere,  363 
I       in  blood,  367 
effect  of,  369 

increase  in  breathed  air,  363 
influence  of,  on  nerve,  184 
,       in  lungs,  ^ 
Carbonic  oxide,  poisonous  action  of,  361 
Carbonic  oxide  hspmoglobin,  422 
Cardiac  cycle,  224 
,    Cardiac  glands,  43U,  466 
:    Cardiac  orifice  or  stomach,  aetion  of,  509 
sphincter  of,  ib, 
relaxation  in  vomiting,  510 
Cardiac  sympathetic,  244 
Cardiogram  nom  human  heart,  233 
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Cardiographs. 

Cardiographs,  231  et  »eq. 
Cardiometcr,  Barnard's,  241 

Cardio-inhibitory  centre,  358 
Camic  acid,  ^175 
Carotid  gland,  328 
Cartilage,  53 

articular,  53,  54 

cellular,  57 

chondrin  obtained  from,  55 

classification,  53 

costal,  53,  54 

development,  56 

elastic,  53,  56 

fibrous,  55,  56.    See  Fibro-cartilage. 

hyaline,  53" 

matrix,  ii. 

ossificatioQ^  64 

perichondrium  of,  54 

structure,  53 

temporary,  54 

transitional,  t^. 

varieties,  J  j 
Cartilages  of  larynx,  711 
Casein,  445.     See  Milk. 
Caseinogen,  386,  44^ 
Cauda  equina,  588,  828 
Caudate  nucleus,  627 
Cavity  of  reserve,  81 
Cell  division,  16 
CelU,  5 

amoeboid,  6 

blood.     See  Blood-corpuscles. 

bone,  61 

cartilage,  53  et  te^, 

ciliated,  30 

connective  tissue,  39 

definition  of,  6 

epithelium,  27.    See  Epithelium. 

fission,  16 

formative,  793 

gustator}*,  ogi 

hepatic,  482 

nerve,  loiS 

olfactorial,  695 

parietal,  431.  466 

pigment,  lOo 

structure,  9  et  teq. 

varieties,  2a  et  aeq. 

vegetable,  6,  13 
distinctions    from  animal  cells,  6 
et  eeq. 
Cells  of  Deiters,  705 

of  Purkinje,  190,  623 
Cellular  cartilage,  57.    See  Cartilage. 
Cellulose,  379 
Cement  of  teeth,  74,  77, 81 
Centre?,    nervous,     «c.      See    Nerve- 
centres. 

of  ossification,  64 
Centrifugal  machine,  399 

nerve-fibres,  160 
Centripetal  nerve-fibres.  161 


Chordjk  tendinb.k 

Centro-acinar  c     s,  ^74 
Centrosome,  8,  12,  18 
Cerebellar  ataxy,  667 
Cerebellum,  622 

effects  of  removal  or  disease,  667 

equilibration,  ib. 

functions  of,  665  et  eeq, 

grey  matter,  i^,  605,  623 

Eemi-extirpation,  results  of,  667 

semicircular  canals,  668 
extirpation  of,  671 

sensory  impulses,  068 

structure,  022 
Cerebral  cortex,  631 

histological  structure,  ih. 
Cerebral     hemispheres.       894     Cere- 
brum. 
Cerebral  nerves,  origin  of,  609  et  teq. 

See  under  names  of  nerves. 
Cerebro-spinal  axis,  18^ 
Cerebro-spinal  fluid,  589,  604 
Cerebro-spinal  nervous  system,  185,  586 

See  Brain,  Spinal  Cora,  etc. 
Cerebrum,  625 

convolutions  of,  636  et  eeq. 

crura  of,  603 

degeneration   tracts  after  injury  of 
Kolandic  area,  655 

development,  829 

effects  of  injury,  655 
removal,  652,  654 

external  capsule,  629 

functions  or,  651  et  teq, 
early  notions,  ib. 

grey  matter,  lOO,  626 

internal  capsule,  62^ 

localisation  of  functions,  652 

motor  areas,  655.  659 

relation  to  speeclL  723 

sensory  areas,  6w 
extirpation,  %o. 
stimulation,  ib, 

structure,  625  et  teq, 

white  matter,  629 
Ceruminous  glands  of  ear,  560 
Chambers  of  the  eye,  738 
Chauveau^s  dromo^ph,  257 
Chemical   composition  of  the   human 

body,  373  et  ae^. 
Chest,  expansion  in  inspiration,  340 
Chest-voice,  720 
Cheyne-Stokes'  respiration,  353 
Chlorides  in  urine,  545 
Cholagogues.  493 
Cholalic  acid,  490 
Cholesterin,  99,  381,  491 
Choletelin,  491 
Choline^  381 
Chondnn,  55,  389 
Chorda  tympani,  461 

effects   of  stimulation    of   divi 
462 
Chorde  tendinen.    See  Heart 
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Chorion. 

Chorion,  8oi,  807 
Choroid  ooat  of  eye,  725 

blood-reeseU,  729 

derelopment,  834 

structure,  729 
Choroidal  fissure,  833 
Chromatic  aberration,  749 
Chromophanes,  764 
Chromopla&m,  10 
Chyle,  217,  ^06,  500 

molecular  ^Misit  of,  306 
Chyme,  488 
Cilia,  30 
Ciliary  epithelium,  tl. 

function  of,  31 
Ciliary  motion,  ib, 

nature  of,  32 
Ciliary  musdes,  730 

action  of,  in  adaptation  to  distances, 

Cihary  processes,  720,  730 
Cflio-spinal  centre,  051 
Circulation  of  blood,  195,  2X8  ^  seq. 

action  of  heart,  196 

in  brain,  270 

capillaries,  266 

course  of,  204  et  teq. 

erectile  structures,  273 

influence  of  respiration  on,  353 
of  gravity,  287 

peculiarities   of,  in    different   parts, 
270 

portal,  205 

pulmonary,  204 

renal,  205 

systemic,'  2G4 

in  veins,  208 
velocity  of,  257 
Circulatory  system,^  195  U  teq, 
CircumvaUate  papiUe  of  the  tongTie, 

690 
Claustrum,  628 
Cleft-palate,  cause  of,  8T4 
Clefts,  visceral,  812 
Clerk-MaxweU's  experiment,  758 
Clitoris,  development  of,  847 
Cloaca,  ib. 
Clonus,  128 
Clot    or    c^a^um    of    blood-      See 

Coa^lation. 
Coagulated  proteids,  387 
Coagulation  of  blood,  82, 395  et  aeq. 
conditions  affecting,  397 
theories  of,  ib. 

of  milk,  445 
Cocaine,  453 
Coccvgeal  gland,  328 
Cochlea  of  the  ear,  702 

theories  in  connection  with,  709 
Ccelom,  796 
Cohnheim,  areas  of,  87 
Cold  spots,  687 
Collagen,  40,  s8,  3^ 


COHPU6CLV8. 

Colloids,  382 
Colostrum,  444 

oorpiwcle^44S,449 
Colour-blindness,  762 
Colour  sensations,  760 

Buroh's  experiments,  763 

theories  of,  761,  762 
Colours,  optical  phenomena,  7^  ei  teg. 
Columnar  epithelium,  27 
Comma  tract,  S98 
Commissural  ^bres,  634 
Complemental  air,  345 
Complementary  colours,  760 
Compound  tubidar  glands,  456 

racemose  glands,  457 
Concep^on,  675 
Condiments,  453 
Conducting  paths  in  cord,  6|j 
Coni  vasculosi,  778,  780 
Conjugate  deviation  of  head  and  eyes, 

603,  666,  670 
Conjunctiva,  725 
Connective  tissues,  37 

classification,  37 

corpuscles,  40 

elastic,  46 

fibrous.  44 

general  structure  of,  38 

jelly-like,  52 

retiform,  50 

varieties,  37 
Contractility  of  muscle,  106 
Contraction  of  pupil,  746 
Convolutions,  cerebral,  242  et  ieq. 
Cooking,  effect  of,  452 
Co-ordination  of  musculAr  movementi, 

Copper  sulphate,  or  Piotrowskfs  teit 

384 
Cord,  spinal.     See  Spinal  Cord. 
Corium,  455 
Cornea,  725 
corpuscles,  728 
nerves,  ib. 
structure,  72" 
Comeo-scleral  ^  unction ,  73 1 
Coronary  arteries,  230 
Corona  radiata^  629 
Corpora  Arantii,  203 
quadrigemina,  621 
Corpus  callogura,  626 
dentatum 
of  cerebellum,  62^^ 
of  olivary  body,  %o. 
Highmorianum,  777 
luteum,  784 
of  human  female,  785 
of    menstruation    and    pregnancy 

compared,  784 
striatum,  627 
Cornuscles    of    olood,    82,    401.     Set 
Blood-corpusoles. 
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Corpuscles. 

Corpuscles  of  Grandry,  681 

of  Herbst,  679 
Corti's  rods,  704  et  seq. 

office  of,  709 
Coughing,  meolumitm  of,  352 
Cowper's  glands,  C23 
Cranial  nerves,  185,  609  et  Mq. 
Cra»amentam,  395 
Creatine,  537 
Creatinine,343 
Creseents  m  Oianuzzi,  460 
Cretinism,  323 

Crioo-arytenoid  muscles,  713,  714 
Cricoid  cartilages.  71 1 
Crista  acoustica.  670,  703 
Crossed  pyramidal  tract,  597 
Crosses  of  Ranvier,  100 
Crura  cerebelli,  622 

cerebri,  603 
grey  matter  of,  605 
Crusta,62i 

petrosa,  77.  81 
Crypts  of  Lieberkuhn,  438 
Crystallin,  731 
Crystalline  lens,  730 

in  relation  to  vision  at  different 
distances,  743 
Crystallisable  protcids,  383 
Crystalloids,  382 
Cupula,  670 

Curdling  ferments,  445,  470 
Currents  of  action, 

constant,  113 

induced,  114 

nerve,  no 
Cuticle.    See  Epidermis,  Epithelium. 
Cutis  vera,  555 
Cystic  duct,  481 
Cystin  in  urine,  549 


D. 


Daltonism,  762 

Danieirs  battery,  112,  113 

Decidua,  787, 800 

development  of,  802 

menstrualis,  786 

reflexa,  800 

serotina,  ib. 

vera,  ib. 
Decussation  of    fibres  in  medulla  ob- 
longata, 61 7 
in  spinal  conl,  642 

of  optic  nerves,  769 
Defecation,  mechanism  of,  512 

influence  of  spinal  cord  on,  513 
Degeneration  method,  164,  167,  593 
Deglutition.     See  Swallowing. 
Deiters,  cells  of,  705 

nucleus,  612,  667 
I>eivtal  germ,  78 

papilla,  ih. 


DlASTASB. 

Dentine,  74 

formation  of,  79 
Depressor  nerve,  300 
Dermis,  555 

Descemet's  membrane,  728 
Descending  tubule  of  Henle,  518 
Deutero-albumose,  471 
Development,  788  et  seq, 

adipose  tissue,  40 

alimentary  canal,  836 

allantois,  801,  806 

amnion,  805 

arteries,  81 7 

blood-vessels,  ib, 

bone,  63  et  eeq. 

brain,  $29 

decidua,  802 

ear,  835 

extremities,  810 

eye,832 

eyehds,  835 

face,  811 

Fsllopian  tubes,  844 

foBtal  membranes,  803 

genito-urinnry  apparatus,  840  et  §eq 

head,  811 

heart,  815 

limbs,  81 1 

Uver,  838 

medulla  oblongata,  830 

muscle,  95 

nerve-fibres,  104 

nervous  system,  826  et  aeq 

nose,  835 

oesophagus,  836 

optic  nerve,  833 

organs  of  sense,  835 

ovum,  788 

pancreas,  838 

pharj-nx,  836 

pituitary  body,  810 

respiratory  apparatus,  839 

salivary  glands.  838 

spinal  cord,  820 

Htomnch,  836 

teeth,  77 

vagina,  845 

vai<cular  system,  815 

veins,  821 

visceral  arches  and  clefts,  812  ^^  »eq. 

Wolffian    bodies,   urinary    apparatus 
and  sexual  organs,  841  «/  aeq. 
Dextrin,  378 
Dextrose,  375 

in  urine,  551 

tests  for  determining,  375, 552 
Diabett'S,  496,  576 

artificial  production  in  animals,  497 
Diapedesis  of  blood -corpuscles,  268 
Diaphragm.     See  Inspiration,  &c. 

development,  840 
Diastase  of  liver,  495 
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Diastole. 

Diastole  of  heart,  224 
Dicrotio  pulse,  265 
Diet,  569  et  tea, 

nutritire  yalue,  4^ 

tables,  443,  444,  309  et  seq. 
Diffusion  and  osmosu,  distinguished,  383 
Digestion, 

in  the  intestines,  473  et  seq, 
duration  of,  512 
y      mechanical  processes,  503  et  seq, 

Hee  Gastnu  fluid,  FocnI,  Stomach. 
Dilatator  pupillse,  730 
Diplopia,  766 
Direct  cerebellar  tract,  599 

pyramidal  tract,  598 
Disaccharides,  375 
Discus  proligeius,  784 
Diuretics,  525 
Dobie's  line,  88 
Dorsal  ridges,  794 
Double  vision,  7o6 
Dromograph,  Cnauveau*s,  257 
Drugs,  action  of,  512 

on  the  eye,  751 

on  the  heart,  246 
Ductless  glands^  3^1^^  '^9' 
Ducts  of  Bellini,  518,  520 

of  Cuvier,  822 
Ductus  arteriosus,  819,  820,  825 
closure  of,  826 

venosus,  821,  824 
closure  of,  826 
Dudgeon's  sphygmograph,  263 
Dulong's  caloriraeter,  583 
Duodenum,  43J 
Dura  mater,  587 
Dyspnoea,  349 


E. 

Ear,  697 

bones  or  ossicles  of,  699 
function  of,  707 

development,  835 

external,  697 
function  of,  706 

internal,  700 
function  of,  706 

middle,  698 
function  of,  706 
Erk's  fistula,  537 
Ectoderm,  792 
Efterent  nerves,  160 
Eggs  as  (cod,  442,  449 
Ehrlich's  experiments  with  methylene 

blue,  367,  054  note. 
Elastii-  cartilage,  53,  56 

fibres,  44 

tissue,  46 
Elastin,  40,  389 
Electrical  nerves,  161 


EaOOORAFH. 

Electricity, 
action  on  blood-corpuiclei,  404 
in  muscle,  181 
nerve,  ib. 
Electrodes,  non-polHrisable,  142 

*s  capillary,  143 


Electrometer,  Lippn 

Electrotonus,  171 

Eleidin,  555 

Elementary  substances  in  the  huous 

body,  373^ 
Embryo,  788  et  seq,    S^  Development. 
Einbryological  method,  593 
Embryonic  heart  and  blo<M-ves8els,  818 

spot,  792 
Emetics,  511 

Emulsification,  381.  476,  500 
Enamel  of  teeth,  76 

formation  of,  79 
Enamel  organ,  79 
Enchvlema,  9 
Knd-bulbs,  679 
End^plates,  motorial,  102 
bindocnrdiac  pressure,  234  et  seq. 
Endocardium,  197 
Endoderm,  792 
Endoh  mph,  670,  701 
Endomvsium,  85 
Endosmometer,  311 
Endothelium,  20 

distinctive  characters,  ib, 

germinating,  25 
Eosinophile  cells,  40^ 
Epencephilon,  606,  831 
Epiblast,  22,  792 

organs  formed  from,  799 
Epicardium,  196 
Epidermis,  554 
Epididymis,  777,  780 
Epiglottis,  716,  717 
Epimysium,  85 
Epinephrine,  327 
Epithelium,  23 

chemistry  of,  36 

ciliated,  30 

coeged,  35 

columnar,  27 

compound,  24 

cubical,  27 

germinal,  782 

goblet  •shaped,  29 

nutriti-nof,  36 

pavement,  26 

renal,  525 

simple,  2d 

spheroidal,  27 

stratified,  34 

transitional,  33 
Erectile  structures,  circulatioa  in,  273 
Erection,  ib. 

cause  of,  1^. 

centre,  651 

influence  of  muscular  tissue  in,  274 
Ergograph,  Mosso's,  153 
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EaTTHBOBLASTfl. 

Krythroblosts,  411 
ErVthro-dextrin,  37S,  465 
£soach's  albuminometer,  551 
Eustachian  tube,  698 

function  of,  707 
Exchange  of  material,  567 

in  diseases,  575 

with  various  diets,  573 
Excitability  of  tissues,  105 
Exercise, 

effects  on  temperature  of  body,  580 
Expiration,  ^i 

force  of  expiratory  act,  346 

influence  on  cirealaticsi,  356 

mechanism  of,  341 

muscles  concerned  in,  ib. 

relative  duration  of,  344 
External  capsule,  629 

sphincter  muscle,  51 1 
Extraventricular  nucleus,  627 
Extremities,  development  of,  810 

action  of  dru^  on  pupil,  751 
adaptation  of  vision  at  different  dis- 
tances, 7^3  et  seg. 
blood-vessels,  738 
causes  of  dilatation  and  contraction 


I32 

opticaf  apparatus  of,  739 
defects  m,  747 

refractive  media  of,  739 

resemblance  to  camera,  ib. 
Eyeball,  725 

blood-vessels  of,  738 

muscles  influencing  movement,  765 
Eyelids,  725 

development  of,  835 
Eyes,  simultaneous  action  in  visioD,  766 


Face,  development  of,  811 
Facial  nerve,  611 

effects  of  paralysis  of,  ib, 

orij^n,  f*. 

relation  of,  to  expression,  ib, 
Feeces,  composition  of,  502 

quantity  passed,  503 
Fallopian  tubes,  786 

development  01,  8^4 
Talaetto  voice,  720 
Faradisation,  127 
Far-point,  747 
Fasting, 

influence  on  secretion  of  bile,  572 
Fat.    See  Adipose  tissue. 

action  of  bile  on,  492 
of  pancreatic  secretion,  475 

situations  where  found,  47 

uses  of,  49 


Food. 

Fats, 
absorption  of,  500 
action  of  pancreatic  juice  on,  476 
chemical  constitution,  379 
decomposition  products,  380 
emulsincation,  381 
of  milk,  446 
saponification,  380 
Fatty  acids,  379 
Female  generative  organs,  782 
Fenestrated  membrane  of  Henle,  208 
Fenestra  ovalis,  699,  701 

rotunda,  609,  762 
action  of,  708 
Ferment  coagulation,  384 
Ferments,  390,  467 

classification  of,  391 

in  pancreatic  juice,  475 
Fibres  of  M  tiller,  733 

of  Bemak,  102 
Fibrils,  87 
Fibrin,  395,  358,  400 

ferment,  398,  400,  446 

formation,  396,  398 
Fibrinogen,  82,  397,  398,  400 
Fibrinoplastin,  400 
Fibro-cartilage,  « 

classification,  to. 

development,  56 

white,  55 

yellow,  56 
Fiorous  tissue,  44 

white,  t6. 

yellow,  46 
Fick*s  spring  kymograph,  282,  283 
Fifth  cranial  nerve,  611 
Fillet,  620 

Filum  terminale,  588 
Fishes,  circulatory  system  in,  222 
Fieischl^s  hsemoglobinometer,  424 
Flesh  of  animals,  442 
Flour  as  food,  450 
Fluids,  swallowing,  506 
Fluoride  of  calcium,  58 
Focal  distance,  743 
FoBtal  membranes,  800 

development  of,  S03 
Foetus, 

circulation  in,  82^ 

communication  with  mother,  8d8 
Fo'licles,  Graafian.    See  Graafian  vesi- 
cles. 
Food,  442 

absorption  of,  498  et  seg. 

accessories  to,  453 

cooking,  452 

digestibility  of  articles  of,  442 
value  dependent  on,  ib. 

heat- value  of,  581 

of  man,  ^43 


too 


I)  little,  571 


proximate  principles  in,  442 
vegetable,  1^.,  451 
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Foramen. 

foramen  ovale,  819 

of  Maj^endie,  604 
Fore-gut,  790 
FormatiTe  cella,  793 
Formic  acid,  379 
Fornix,  628 

Fourth  cranial  nerve,  610 
Fovea  centralis,  758 
Fromann's  lines,  lOl 
Frontal-naaal  process,  814 
Fundus  of  eye,  7^4 

of  urinary  bladder,  521 
Fungiform  papillee  of  the  tongue,  690 
Funiculus  solitarius,  612, 618 
Furfur  aldehyde,  460 
ules,  765 


G. 


Fusoingranul 


Galactose,  376 
Gall-bladder.  486 

structure,  487 
Galvanism,  139 
Galvanometer,  140 
Gamgee,     photographic    spectrum     of 

hsemoglobin  and  its  derivatives,  421 
Ganglia.    See  Nerve-centres. 

sympathetic,  functions  of,  296 
GangUon  spirale,  706 
Gas  analysis,  372 
Gases, 

extraction  from  blood,  366 

in  blood,  ib 

in  the  lung^,  365 

of  plasma  and  serum,  400 
Gastric  glands,  466 

innervation  of,  469 
Gastric  juice.  466 

acids  in,  40Q 
test  for,  ib. 

action  on  food,  470  {see  506) 

artificial,  466 

bacterial  action,  ^77 

composition  of,  408 

pepsin  of,  A67,  468 

secretion  or,  468 
infiuence  of  nervous  system  on,  469 
Gelatin,  40,  388 

as  a  constituent  of  food,  450 
Generative  organs  of  the  female,  782 

of  the  male,  776 
Genito-urinary  apparatus,  developmeut 

of,  840  et  seq. 
Gerlkch's  network,  590 
Germinal  cells,  827 

disc.  793 

epithelium,  782 

spot,  22,  786 

vesicle,  706 
Giant  cells,  59 
Gland,  prostate,  522 
G  lands.    See  names  of  different 


HSXATOBLA8T8. 

Glisaon's  capsule,  485 
Globin,  415 
Globulins,  382,  385 

distinctions  from  albmmn,  382 
GloMo-pharpi^eal  nerre,  612 

communicationt  o/t^  ib, 

functions,  613 

motor  filaments,  t^. 

a  nerve  of  common  seosstiou  end  gf 
taste,  613 
Glottis,  movements  of,  720 
Glucose 

in  liver,  494 

test  for,  378 
Glycerides,  379 
Glycerin  or  Glycerol,  380 
Glycocholic  acid,  490 
Glycodne,  479,  490 
Glycogen,  37^  404 

characters,  378 

destination  of,  495 

preparation,  «5. 

quantity  formed,  ib. 

source  of,  4^ 

variation  witn  diet,  495 
Glycosuria,  496 
Gmelin's  test,  491 
Goblet  cells,  29,  456 
Goll's  column,  593,  596,  608,  616 
Gowers*  hemacytometer,  407 

hssmoglobinometer,  423 
Graafian  vesicles,  782 

formation  and  derelopment  ^  782 
et  fteq. 

relation  of  ovum  to,  78 1 

rupture  of,  changes  fbuowing,  784  it 
eeq. 
Grandry,  corpuscles  of,  681 
Granular  layers  of  retina,  734 
Grape-sugar.    See  Dextrose. 
Gravity,  influence  of,    on    circuktion, 

287 
Gr^hant,  output  of  the  heart,  240 
Grey  matter  of  cerebellum,  190, 605, 623 

of  cerebrum,  190,  626 

of  crura  cerebri,  605 

of  medulla  oblongntn,  608,  6T5,  617 

of  pons  Varolii,  605 

of  spinal  cord,  186,  590 
Groove,  primitive,  792 
Growth  of  bone,  69 
Guanine,  542 
Gubemaculum  testis,  846 
Gullet,  427.     See  (Esophsgus. 
Gustatory  cells,  6qi 


H. 

Hfemacytometerv,  407, 408 
Hasmadromometer,  VoUmiann's,  257 
Haematin.  415 
HaBmatoblasts,  316,  402 
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H^MATOCHOMITIB. 

Hsenjatochonieter,  Vierordt'ik,  257 
Hsmatoidin,  416,488 
Hsmatoporphyrin,  416 
H»m-aatogTaph,  266 
H»min.  416 
H»mociixt>mogen,  415 
Hnmoglobiii.  401,  413  ^  *eq. 

analysu  or,  415 

compounds  01^417 

crystalliaable,  J83 

distribution,  413 

estimatiun  of,  423 

photosraphic  spectrum  of^  421 
Hemoglobinometers,  423, 424 
Haemoglobinuria,  paroxysmal,  553 
Hair-follicles,  557 

structure  of,  ib. 
Hamulus,  703 
Hare-lip,  cause  of,  814 
Hassall^  concentric  corpuscles  ot^  320 
Haversian  canals,  61 
Head,  derelopment  of,  81 1 
Head  and  tail  folds,  796,  797 
Hearing,  anatomy  of  organ  of;  697  tt 
teq, 
influence  of  external  ear  on,  706 

of  middle  ear,  707 
physiology  of,  706 
range  of,  710 

See  Sound,  Vibrations^  etc 
Heart,  196  et  seq, 
action  of, 

accelerated,  244 

force  of,  239 

frequency,  t^. 

inhibitea,  243 
aiuiclee  of,  197,  224 
capacity,  200 
chambers,  197 
chordeB  tendinese  of,  202 
columnae  cameae  of,  ib. 
course  of  blood  in,  204 
cycle,  224 
development,  815 
endocardiac  pressure,  234 
endocardium,  197,  201 
foetal,  246,  815 
force,  239 
frog's,  222,  223 

instruments  for  studying,  252 

nerves  of,  245 
pnglia  of;  f^. 
influence  of  drugs^  246 

of  pneumogastno  nerve,  242 

of  sympathetic  nerve,  244 
innervation,  241 
intracardiac  nerves,  247 
investing  sao,  196 
muscular  fibres  of,  93 
musculi  papillares,  202 
nervous  system,  influence  oii»  241 
output  of,  240 


HyAUNI  COBPU8CLE. 

Heart — eontintud. 
pericardium,  196 
phvsiolonr,  224  et  «n. 
reflex  inmbitiim,  240 
situation,  i^ 
size  and  weight,  300 
sounds  of,  228 
causes,  229 
structure  of,  201 
valves,  ib. 
aiuriculo -ventricular,  200 

function  of,  226 
semilunar,  203 

function  of,  227 
structure,  203 
ventricles,  their  action,  179, 200 
work  of,  240 
Heat,  animal.    See  Temperatmre. 
influence  of  nervous  system,  585 
of  various  circumstances  oo,  584 
eteeq. 
losses  by  radiation,  etc,  582 
variations  of,  580 
Heat  coagulation,  384 
Heat-rigor,  156,  note 
Heat  spots,  687 
Fleat-value  of  food,  581 
Height,  relation  to  retpirmtorj  oapMity, 

347 
Hehcotrema,  704 
Helix  of  ear,  697 
Heller's  nitric-acid  test,  351 
Helmholtz's  induction  coil,  117 

myograph,  118 

pHakoscope,  ^5 
Hemi-albumin,  471 

albumoee,  ib, 

peptone,  ib.,  A75 
Heimanoi>sia,  602,  770 
Hemiple^a,  656 

Hemisection  of  spinal  cord,  600, 641 
Hemispheres,  CerebraL    See  Cerebrum. 
Hensen's^line,  89 
Hepatic  cells,  482 

colic,  493 
HerbsU  corpuscles  of,  679 
Hering's  theory  of  colour,  762 
Hetero-albumose,  471 
Hexone  bases,  390 
"'  '         chi 


Hiccough,  mecfianism  oi;  352 

Hill  (Leonard)   on  the  circulation  ol 
blood  in  the  brain,  270  et  seq. 
on  the  influence  of  gravity  on  the  cir- 
culation, 287 

Hill's  air-pump,  371 

Hind-gut,  7^ 

Hippuric  acid,  542 

Histon,  415 

Holoblastic  ova,  789 

Horopter,  768 

Hiirthle's  manometer,  238,  284 

Hjraline  cartilage,  53 
corpuscle,  405 
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Hyaloplasm. 

Hyaloplasm.  9 
HydrobiliruDiii,  491,  53^2 
Hypermetropia,  747 
Hypoblaat,  22,  792 

organs  formed  from,  800 
ny^)ogloMal  nenre,  613 

diBtribution,  614 

origin,  613 
Hypoxantbine,  317,  321,  542 

presence  in  the  spleen,  317 


Ileo-cffical  YalvA,  432,  439,  441 
Ileum,  d33 

Image,  formation  on  retina,  741 
Imprecation  of  oTum,  790 
Inanition  or  starvation,  571 
Incus,  700 

development  of,  814 
Indican,  J 15 
IndigOf  t^. 
Induction  coil,  1 14  et  seg. 

current,  114 
Ipfundibulum,  335 
Inhibitory  centre  for  heart,  effect  ot 

venousblood on,  361 
Inhibitory  influence  of  pneumogastric 

nerve,  243 
Inhibitory  nerves,  161 
Inogen,  152,  156 
Inorganic  compounds  in  body,  373 

salts  in  protoplasm,  9 
Inositc,  ^76 
Insalivation,  503 
Inspiration,  337 

elastic  resistance  overcome  by,  338 

expansion  of  chest  in,  340 

extraordinary,  ib. 

force  emplo}ed  in,  346 

mechanism  of,  337  et  seq.    • 
Instruments  for  demonstrating  muscular 

action,  \i2  et  seq.  • 

Intercellular  material,  5,  39  I 

passage,  335 
Intercentral  nerves,  163 
Intercostal  muscles,  action  in  inspira- 
tion, 340  et  ieq. 

action  in  expiration,  341 
Intenuittent  pulse,  261 
Internal  capsule,  629 

iraportanoe  of,  \h. 
Internal  sphincter  muscle,  440,  51 1 
Interstitial  tells.  779 
Intestinal  juice,  476,  512 
Intestines,  432 

action  of  drugs,  512 

digestion  in,  473  vt  xtq. 
duration  of,^i2 

development,  ^yi 


K1DNBT8. 

Intestines-  <;ofi/tfitfM^. 

large,  d39 
glands,  441 
structure,  439 

movements,  ci  i 

nen  ous  mechaniim,  t^. 

small,  A32 
glands,  438 
structure,  433 
Intracardiac  nerves,  247 
Intraventricular  nucleus,  627 
Inversion,  375,  477 
Invertin,  477 
Involuntary  muscles,  84  (»« 157  #<  m\> 

structure  of,  84 
lodo-thyrin,  324 
Iris,  730 

development  of,  834 

functions,  750 

reflex  actions,  751 
Irradiation,  750 
I  rritability  of  tiasues;  105 
Iso-cholesterin,  492,  559 
Ixo-maltoee,  377 
Isometric  contraction,  138 
Isotonic  contraction,  i^. 


J. 

Jacksonian  epilepsy,  656 
Jacobson's  nerve,  013 
Jaundice,  493 
Jecorin,  326 


Jejunum,  433 
Jelly  of  Wharton, 


43 


Jelly-like  connective  tissue,  52 
Juice,  gastric,  466 
pancreatic,  474 


K. 

Kar}-okinesis,  1 7  et  eeq. 

phases  of,  21 
Katabolic  phenomena,  566,  774 
Katelectrotonus,  177 
KeraUn,  37,  389,  555 
Key,  l)u  Bois  Kejrmond^s,  1 13 
Kidncvs,  513 

bloo<i-ves8els  of,  how  distributed,  520 
etl'ect  of  ligaturing,  525 

calyces,  514 

capillaries  of,  s20 

development  of,  844 

diseases  of,  efft'ct  on  the  skin,  563 

extirpation  of,  529 

function,  521.     S—  Urine. 

Malpighian  corpuscles  of,  516 

nerves,  ^22 

pelvis  of,  514 
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KiDNBTS. 

Kidney's — eon  t  in  ued. 

•tructure,  514 

tubules  of,  516  0t  uq. 

weight,  5IA 

work  done  oy,  527 
KinflBsthetio  centre,  664 
Knee-jerk,  646,  649 
Konig  8  apparatus  for  obtaining  flame- 
pictures  of  musical  notes,  721 
Kossel  on  protamines,  390 
Krauae's  membrane,  88 
Kronecker's  perfusion  cannula,  252 
Kymograph,  Fick*8  spring,  282,  283 

Ludwifps,  279 

tracings,  282,  284 


L. 

Labia  eitemaand  interna,  deyelopment 

of,  847 
lAbjrinth  of  the  ear.    See  Ear. 
Ijacrimal  gland,  725 
Lact-albumin,  44; 
Lacteals,  2i6,  430,437,  500 

fermentation,  377 
Lactiferous  ducts,  447 
Lactose,  376,446,551 
Lamina  cnbrosa,  733 
Laminae  viscerales  or  Tontrales,  798 
Langley's  experiment  on  yagus  and  cer- 
▼ical  sympathetic  nerve,  297 

ganglion,  461 

nicotine  method,  295^  463 
Large  intestine.    ^««  intestines. 
Laryngoscope,  716 
Larynx,  anatomy  of,  711 

cartilages  of,  ib. 

mucous  membrane,  715 

muscles  of,  713  et  seg. 

nerres  of,  715 

▼ocal  cords,  711.  717 
movements  ol  718 
Lateral  sclerosis,  045 
Lateritious  deposit,  54 1 
Letithin,  99,  381,  478 
Lens,  crystalline,  730 
Lenticular  nucleus,  627 
Leucine,  321,478 
Leucocytes.       See    Blood    corpuscles 

(white). 
Leyulo8e.375 
Lieberkiinn's  glands,  438,  441 

jelly,  386 
Limbs,  development  of,  811 
Lippmann's  capillary   electrometer, 

143 
Liquor  amnii,  802,  805 

sanguinis,  or  plasma,  82,  393 
liver,  481 

blood-vessels.  484 

capillaries,  485 


tactile  sensations,  684 


LvsiNS. 

Liver — continued. 

cells  of,  482 

circulation  in,  d8j 

derelopment  of,  838 

extirpation  in  mammals,  537 
in  frogs,  ib, 

formation  of  urea  by,  487,  537 

functions,  487 

glycogenic  function  of;  494 

nerves  of,  ^98 

secretion  01.    Sre  Bile. 

structure,  482 

sugar  formed  by,  494  (m»^^^) 

supply  of  blooa  to,  ^i,  ^ 
Localisation  of 

(««644) 
Locomotor  ataxy,  042,  649 
Loop  of  Henle,  518 
Ludwig's  air-pump,  370 

kymograph,  279 

Stromuhr,  250 
Lunatic's  brain,  667 
Lungs,  333 

air-sacs  of,  335 

blood -supply,  336 

capillaries  of,  335 

ohanffes  of  air  in,  363 

circulation  in,  336 

coverings  of,  313 

deyelopment  of,  839^ 

diffusion  of  gases  within,  365 

lobes  of,  ^^ 

lobules  of,  tb. 

lymphatics,  336 

muscular  tissue  of,  335 

nerve^  337,      , 

nutntiou  of,  3^6 

position  of,  328 

structure,  333 
Luxus  consumption,  576 
Lymph,  215,  305 

composition  of,  306 

current  of,  309 

formation  of,  310 
Lymph  capillaries,  215 

origin  of,  217 

structure,  ib. 
Lymph-hearts,  structure  and  actinn  of, 

relation  to  spinal  cord,  310 
L3nuph8gogue8,  312 
Lymphatic  glands,  217,  306 

development,  839 
Lymphatio  vessels,  215 

of  arteries  and  veins,  212 

communication    with    blood-vessels, 

215 

structure  of,  217 
Lymphocytes,  306, 405 
Lymphoid  or  retiform  tissue,  50.    See 

Adenoid  tissue. . 
Lysatinine,  538 
Lysine,  ib. 
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Macula,  671 

lutea,732 
Macul®  acousticsD,  703 
Male  organs  of  generation,  776 

sexual  functions,  780 
Malleus,  700 

Malpighian  bodies  or  corpuscles  of  kid- 
T^^Jf  $i6'    See  Kidney. 

corpuscles  of  spleen,  310 
Maltose,  377. 46J 
Mammary  glands,  447 

evolution,  449 

involution,  ib. 

lactation,  1^. 

structure,  447 
Mandilmlar  arch,  813 
Manometer,  Hiirthle's,  238,  284 
Marey's  sphygmograph,  262 

tambour,  129,  233 
Mastication,  503 
Mastoid  cells,  699 
Meat  as  food,  449 
Meatus  of  ear,  703 
Meconium,  503 
Medulla  oblongata,  186,603,  606  4t  teq. 

columns  of,  607 

decussation  of  fibres,  617 

development,  830 

fibres  of,  how  distributed,  607 

grey  matter  in,  6cx) 

pyramids  of,  anteinor,  607 
posterior,  608 

structure  of,  615 
Medullar^r  groove,  794 

plates^  ib. 
Meibomian  follicles,  456 
Meissner's  plexus,  4^5 
Melanin  granules,  705 
Membrana  capsulo-pupillarin.  835 

decidua,  800 

granulosa.  784 
development  into    corpus  lutenm, 

hyaloidea,  738 

limitans  externa,  735,  737 

interna,  733 
propria  or  basement  membrane.     See 

liasement  Membrane, 
pupillaris,  835 
tectoria,  705 

action  of,  709 


tympani,  609,  70; 
nbrane  of^me  b 
184 


brain  and  spinal  cord, 


vitelline,  785 
Membrane,  mucous.    See  Mucous  Mem- 
brane. 

serous,  455 
Membranous  labyrinth,  701,  702.     See 

Ear. 
Menstruation,  784,  787 

coincident  with  discharge  of  ova,  787 

corpus  luteum  of,  784 


MOUTB. 

Mercurial  kymogmph,  279 
Meroblastic  ova,  789 
Mesencephalon,  606, 831 
Mesoblast,  22.  792 

organs  formed  from,  800 
Mesooephalon,  831 
Mesoderm,  792 
Mesonephros,  841 

Metabolic  balanoe-abeeta,  569  et  mq. 
Metabolism,  774 

general,  564  et  ttq. 
Metanephros,  841 
Metencephalon,  606,  831 
Metbiemoglobhi,  422 

photographic  spectrum  tA,  421 
Micrococcus  ureie,  549 
Microcytes,  402 
Micro<K>rganisms,  types  of,  391 
Micropyle,  789 
Micro-spectroscope,  419 
Micturition,  530 

centre,  t*.,  6^1 
Middle  ear.     See  Tympanum. 
Mid-gut,  790 
Milk,  as  food,  444 

alcoholic  fermentation  of,  447 

chemical  compotitioii,  445 

coagulation  of,  ib. 

fats  of,  446 

chemical  composition,  ib. 

proteids  of.  445 

reaction  and  specific  gravitj,  il. 

salts  of^  447 

secretion  of,  444 

souring  of,  446 

uterine,  803 
Milk- curdling  ferment,  476 
^[ilk-globules.  444 
Milk-sugar,  376, 446 

properties  of,  376 
Milk-teeth,  70  et  seq. 
Millon's  re-afent  and  teat,  383 
Mitral  cells,  696 
Modiolus,  702 
Molars.     See  Teeth. 
Molecular  layers,  734,  735 
Moleschott's  diet  table,  443 
Monaster  stage  of  karyokineoa,  19 
Monkey's  brain.  658 
Monoplegia,  6^6 
Monosaccharides,  374 
Monro-Kellie  doctrine,  271 
Moore's  test  for  sugar,  375 
Morphological  development,  22 
Mosso's  ergograph,  153 
Motor   areas    of   cerebrum,  ^55,  6S9i 

impulses,  tranamiastoB  in  cord,  64] 

nerve-fibres,  98 
Motor  nerves,  160 
Motor  oculi  nerve,  610 

origin  ofy  ib. 
Mouth,  426 
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MOYEMINT8  OF  PB0T0PLA8M. 

Movements  of  protoplasm,  13,  106 

periataltic,  01  intestinet,  51 1 
of  inTolimtarj  muBcle,  157,  158 
of  Btomach,  507 
Mucic  acid,  376 

Mucigen  or  Mucinoigen.  29,  37, 459 
Mucin,  29,  36,  389,  456 
MuoouB  membrane,  455 

digestive  tract.  456 

epithelium-oeUB  of,  456.   See  Epithe- 
lium. 

gastro-pulmonary.tnust,  t*. 

genito-urinary  tract,  ib. 

gland -oellf  0^  ib. 

of  inteatinee,  435, 440 

reipiratoiT  tract,  456 

of  stomacn,  430 

of  uterua,  changea  in  ptrogminoy,  787 
Mucus  deposited  from  urine,  546 
Muller's  fibres,  733 
Mullerian  duct,  ^i 
Multipolar  nerve-cells,  188 
Murexide  test,  540 

Muscarine,  action  of,  on  the  heart,  246 
MusclcL  III 

blooa-ressels  of,  93 

cardiac,  94 

changes  in  form,  when  it  oontracta, 
112  0t  seo. 

chemical  cnanges  in,  152 
composition  of,  155 

clot,  155 

columns^  87 

contractility,  107 

cuires,  119,  122—124 

derelopment,  95 

dynamometer,  137 

elasticity,  131 

electrical  phenomena  of,  139  et  aeq,^ 
181 

extensibility  of,  131  et  teq, 

fatigue,  effect  of;  124, 153 
cunres,  124 

Hensen's  line,  89 

inyoluntary,  8d  {see  157  et  teg.) 

irritability,  108 
evidence  of,  ib. 

neryes  of,  93 

plain,  94 

plasma,  155 

red,  93 

response  to  stimuli,  109  et  $eg.,  181 

rigor,  154,  15Q 

saroolemma,  85 

sensory  nerye-endings  in,  682 

serum,  155 

shape,  chuiges  in,  128 

skeletal,  85 

soun^  deyeloped  in  coatraotion  of;  128 

spindle,  96,  648.  jStfeNeuro-muaoular 
spindle. 

stimuli,  109 

striated,  structure  of,  87  et  teq. 


NBByS-CXMTRBS. 

M  uscle — continued, 

tetanus,  128 

thermal  changes  in,  150 

tonus,  136,  159 

twitch,  122 

voluntary,  85  {tee  157  et  $eq,) 

wave,  125 

work  of,  136 
Muscles,  reciprocal  action   of  antago- 
nistic, 648 
Muscular  action,  conditions  of,  138 
Muscular  contraction,  ill,  123 

effect  of  two  succesdve  stimuli,  126 
of  more  than  two  stimuli,  127 

voluntary  tetanus,  128 
Muscular  nbres, 

development,  95 

plain,  84 

transversely  striated,  ib. 
Muscular  force,  136 
irritability,  108 
sense,  687 
tissue,  84  et  teq, 
composition  of,  156 
Muscularis  muoossB,  331,  430, 436,  437, 

441 
Musical  sounds,  720 
Myelopbixes,  59 
Myelospongium,  826 
Myograph,  1 12, 

Helmholtz',  118 

pendulum,  120 

spring,  i*. 

transmission,  129  (see  169) 
Myopia,  or  short-sight,  747 
Myosin,  155 
Myosinogen,  156 
Myxoodema,  323 


Nails,  556 

Nasal  cavities  in  relation  to  smell,  694 

et  seq, 
Nasmyth*8  membrane,  74 
Near  point,  746 
Nerve-eeUs,  varieties  of,  188 
Nerve-centres,   184  et  eeq.    See  Cere- 
bellum, Cerebrum,  &c. 

ano-spinal,  513 

cardio-inhibitory,  358 

cilio-spinal,  651 

defecation,  513 

deglutition,  505 

erection^  651 

micturition,  C30, 651 

parturition,  651 

respiratory,  348 

secretion  or  saliva,  461 

speech,  662 

vaso-motor,  291,  358,  651 
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Nekve-corpusclbs. 

Nerye-corpusclea,  i88  ft  teq, 

bipolar,  i88 

unipolar,  ib. 
Nerve  epitnelium,  675 
Nerye-impulBe,  velocity  of,  169 
Nervee,  97 

accelerator,  160 

action  of  stimuli  on,  109,  531 

afferent,  97,  161 

axii-cylinaer  of,  99 

oeUB,98,  188 

centrirugal,  160 

centripetal,  161 

cerebro-spinal,  185,  586 

changes  in,  during  activity,  168 

olaaaification,  160 

conductivity  of,  177 

cranial,  185,  60Q  et  seq. 

degeneration,  103,  194 
reaction  of,  182 

development,  828 

direction  of  a  nerve  impulie,  169 

efferent,  97,  160 

electrical,  161 
stimulation  of,  181 

fibres,  q8 
development  of,  104 

functions  of,  163 

funiculi  of,  lOi 

If rey  matter,  q8 

inhibitory.  161 

intercentral,  163 

intracardiac,  247 

irritability  of,  105 

laws  of  conduction,  160  et  uq. 

medullary  sheath,  99 

medullated,  98 

motor,  160 
termination  of,  102 

nodes  of  Banvier,  99 

non-medullated,  98 

olfactory,  69? 

ph3rsiology  of,  160  et  seq. 

plexuses  of,  102 

secrt^tory,  161 

section  of,  163 

sise  of,  loi 

spinal.    See  Spinal  Nerves. 

splanchnic,  stimulation  of,  348 

stimulation  of  cut,  163,  348 

strutture,  98 

sympHthetic,  influence  on  heart,  344 

taste,  (191 

terminations  of, 
in  ix>rpuscle8  of  Golgi,  683 
in  corpuscles  of  Grandry,  6^2 
in  coipuscles  of  Herbst,  679 
in  end-bulbs,  ib. 
in  motorial  end-T>Iates,  102 
in  networks  or  plexuses,  6R4 
in  Pai'inian  corpuscles,  67^ 
in  touch-corpuscles,  679 

trophic,  161,  774 


Optic  vemcle. 

Nervous  circles,  636,  649 
Nervous  system. 

cerebro-spinaL  185,  586 

development,  826  ft  uq, 

sympathetic,  244 
Nervous  tissues,  chemistry  of,  170 
Neural  crest,  829 
Neuroblasts,  827 
Neuroglia,  187,  590 
Neurokeratin.  99,  187,  389 
Neuro-muscular  spindles,  93,  662, 682, 


Nicotine,  action  of,  295,  327,  462 
Nitric  oxide  hsraoglobin,  423 
Nitrogen    eliminated    in    the  form  d 


urea,  442 
Nodal  point,  7^9 
Nodes  of  Ranvier,  99 
Nose.    See  Smell. 

development  of,  835 
Notochord,  795,  809 
Nuclear  layers,  734,  735 

sap  or  matrix,  10 
Nucleic  acid,  389 
Nudein,  11,  359,  446 
Nuclei  pontis,  61  q 
Nucleoli,  10 
Nudeo-proteids,  386 
Nucleus  of  animal  cell,  6,  9  «/  teq. 

chemical  composition,  f  i 

division,  16 

staining  of,  10 

structure,  10 
Nucleus  ambiguus,  612,  618 


0. 

Odontoblasts,  74,  76,  78 
Odontogen,  7q 
Odours,  697.    See  SmeU. 
CEsophsgus,  development,  836 

structure  of,  427 
Oleaginous  principles,  379 
Oleic  acid,  380 
,    Olein,  379 
I    Olfactory  bulb,  696 
cells,  695 
nerves,  610, 695 
tract,  695 

'*  roots  **  of,  695,  ib. 
Olivarv  body,  608,  618 
I    Oliver's  hsBmacytometer,  400 
!    Omphalo- mesenteric  veins,  «>4,  815 
Oncograph,  Boy's,  303,  304 
OnoMneter,  525 

^?oj>303»3i8 
Ophthalmoscope,  754  et  uq. 
'    Optic  nerve,  010 
I       decuK«tion  of  fibres  in,  769 

development  of,  833 
'    Optic  thalamus,  627 
Teaide,  primary,  829 
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Optical  Anolb. 

Optical  angle,  741 

apparatus  of  eye,  739  {see  747) 
Optogram,  764 
Ora  Berrata  of  retina.  732 
Oranges  brain,  638 
Org^n  of  Corti,  704 

of  Giraldfta,  844 
Organic  compounds  in  body,  373 
Organised  ferments,  391 
Osmosis,  311 

distinguished  from  diffusion,  383 
Osmotic  pressure,  method  of  estimating. 

Ossein,  388 

Osseous  labyrinth,  701 

Ossicles  of  the  ear,  699 

action  of,  707 
Ossification,  t^et  seq. 
Osteoblasts,  64,  68 
OsteoclaflU,  68 
Osteogen,  64 
Otoliths,  671 
Orary,  782 

development  of,  786 

Graafian  vesicles  in,  782 
Oriduct,  or  Fallopian  tube,  786 
Oyigerms,  782 
Ovum,  22,  788 

action  of  seminal  fluid  on,  790  et  aeq. 

changes  in  ovary,  789 

previous  to  fecundation,  ib. 

cleaving  of  yolk,  791 

development,  788  ' 

fertilised,  791 

formation  of,  786 

germinal  vesicle  and  spot  of, 786  4t  ug. 

impregnation  of,  790 

segmentation,  jf)  i 

structure  of,  788 
in  mammak,  784—786 

subsequent  to  cleavage,  791  et  seq, 

unimpregnated,  788 


Oxygen  in  the  blood,  366,  373 
OzyhsBmoglobin,  83,  413  et  $eq.^  diy 
spectrum  of,  419,  421  (see  coloured 


plate) 
Oxyntic  cells,  466,  467 
Oxyphile  cells,  405 


P. 


Pacchionian  bodies,  588 
Pacinian  corpuscles,  078 
Pain,  679  {see  6d2) 
Palmitic  acid,  380 
Palmitin,  379 
Pancreas,  473 

development  of,  838 

extirpation  of,  480 
diaoetic  condition  produced  in  ani- 
mals by,  ib.y  497 

fiinctioni  or,  480 


Pharynx. 


Pancreas  —^tttUinued, 

secretory  nerves  of,  479 

structure,  473 
Pancreatic  juice,  47 

action  on  fats,  ^7 

composition  ana  action,  474 


of  the  kidnejr,  517 

of  skin,  distribution  of^  556 

of  tongue,  690 
Parachoridal  cartilages,  81 1 
Paradoxical  contraction,  174 
Paraglobulin,  400 
Parapeptone,  471 
Parathyroids,  324 
Parietal  cells,  4U,  466 

mesoblast,  790 
Parotid  gland,  463 
Parovarium,  844 

Paroxysmal  hsemoglobinuria,  553 
Pars  ciUaris  retina>.  738 
Parturition  centre,  651 
Par  vagum.     See  Pneumogaatrio  nerve. 
Pathological  urine,  550 
Pavy's  views  as  to  the  liver  being   a 

sugar-forming  organ,  d96 
Pawlow's  method  for  ootaining  pure 

gastric  juice,  470,  479 
Pelvis  of  the  kidney,  514 
Pendulum  myograpn,  120 
Penis,  780 

structure,  ib. 
Pepsin,  466 
Pepsinogen,  467 
Pepsin-hydrochloric  acid,  468 
Peptones,  382,  472 

characters  of,  472 
Peptonuria,  551 
Perception,  075 

Perfusion  cannula,  Kronecker's,  252 
Pericardium,  196 
Perichondrium  of  cartilage,  54 
Perilymph,  or  fluid  of  labyrinth  of  ear, 

670,  701 
Perimeter,  758 
Perimysium,  85 
Peristaltic  movements  of  intestinea,  Qi  I 

of  involuntary  muscle,  157,  158  \9ee 

505) 

of  stomach,  qo7 
Peri  vitelline  mild,  790 
Permanent  teeth.     See  Teeth. 
Perspiration,  cutaneous.  561 

insensible  and  sensible,  ib. 

ordinary  constituents  of,  563 
Pettenkofer's  reaction,  490 
Peyer's  patches,  439 
Pfluirer'slaw  of  contraction,  178,  182 
Phagocytes,  269.  406 
Phakoscope.  Helmholtz's,  745 
Pharynx.  426 

ac^on  in  swallowing,  ih. 

development,  836 
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Phenyl  hyhuazinb  test. 

Phenyl  hydrazine  test,  377  {see  553) 
Phloridziii-diabetes,  497 
Phosphates  in  urine,  546,  549 
Photos^-aphic  spectra  of   htemoglobin, 

oxvhii'moglobin,  and  metha*moglobin, 

421 
Phrenograph,  344 
Physiological  methods,  3 

rneoscope,  149,  158 
Pia  mater,  587 

Pigment  cells  of  retina,  106,  737 
Pineal  gland,  327 
Piotrowski's  reaction,  384 
Piperidine,  action  of,  327 
Pituitary  body,  327 

development,  '010 
Placenta,  nuitemal,  80 1,  802 

foDtal,  8of) 
Plasma  of  blood,  82,  393,  398 

gases  of,  400 
Plethysmograph,  303 

Schafer*8,  254 
Pleura,  333 

Plcuro-pentoneal  cavity,  796 
Plexus, 

tenninal,  683 
Pncumogastric  nt-rve,  612 

distribution  of,  613 

influence  on 
deglutition,  503 
gastric  digestion,  509 

secretion,  470 
heart,  243 
lungs  (tronliio),  775 
muscles  of  stomach,  509 
pancreatic  se<retion,  479 
ri'apiration,  350 
vomiting,  510 

mixed  function  of,  613 

origin,  ib. 
Poggendorfs  rheoohord.  173 
Prthl'a  conunutator,  172 
Polar  plobul«'>,  7S') 

fuintion  i)f,  71 J  > 
Polariincter,  yS; 
I*olys:ic«'hiiritl<'s.  ^74 
Vow*.  Varolii.  «-)^.  (,0- 

grov  inattt  r  in,  U)^ 
Portal  taiial:*,  4K4 

finnilation,  205 

v(>in,  484.     .SVf  Liver. 
Posti;an;:lioni<.'  lil»r ■-j,  295 
Pra'uanL'Hoiiic  tilnes,  ih.' 
l*rPi:iian<  V, 

t'orjin<  liitruiii  cf,  7S'  \ 
IVfslivofii:!.  750 
I'rcKs.)!-  iit'iv  I  >,  \)  ) 
Pres^^iirc,  ?<  ns«»<>f,  0>^6 
Press\ir<-'ni-.i>un't><,  27^' 
IViiniMN  '■  -T'".* ,'.  7.): 

iMTv.--h!  iili,     r  ,s.lnv. inn's    sheath. 


Reflex  arc. 

ProceMus  Yaginalis,  845 
Projection  fibres,  634 
Pronephros,  841 
Pro>nucleus,  female,  790 

male,  ib. 
Propoptone.  471 
Prosencephalon,  606,  831 
Prostata  gland.  522 
Protamines,  390 
Proteids,  381 

absorption  of,  499 

action  on  polarized  light,  383 

of  blood,  400 

classification,  385 

coagulated,  387 

colour  reactions,  383 

eomposition,  381 

crystallisation,  ^83 

in'diffnsibility  of,  382 

precipitants  of.  3^4 

solubilities,  382 
Proteoses,  382,  472 

characters  of,  472 
Pn»thronibin.  3f>S 
Proto-albumose,  471 
Protoplasm.  0,  8 

chemical  structure,  9 

irritability,  15 

movements,  12  et  aeq.^  106 
Proto-vertebraj,  7(^5,  79b,  l<o<) 
Pseudopodia,  13,  16 
Pseudoscope,  773 
Pseudo-stomata,  2 1 2 
Ptosis,  766 
Ptyalln,  460,  465 
Ptyalinogen,  461 
Pulmonary  anery,  819 
Pulse,  anacrotic,  265 

arterial.  Tin  et  »eq. 

dicrotic,  2i)^ 
Purkinje's  rt-lls,  190,  623 

fibres,  of) 

figures,  753 
Pyloric  trlands,  431,  466 
PjTnmidal  tracts,  50"  ft  »eq. 
I    Pyramids  of  mttlulla   oblongmt.i,   607, 
!        toS 

I 

I  Q. 

Quinquand,  output  of  the  heart,  240 

I  R. 

Race mose  glands,  45f) 

Kanke's  metabolic  balance«she«*t,  zAy) 

.lict  tal.lc,  44^.  5(K, 
Ra^nui'l'-  <lisca-<',  305 
K'<  .!•  tir>ii  time  in  num.  64') 
Reduced  eye,  740 
R«»flcT  arc,  f)45 
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Keflex  actions. 

Reflex  actions,  641 

inhibition  of,  644 

in  fro)^,  644,  652 

in  mun.  ^45 
«upertici;il,  646 
tt-ndon,  i6. 

of  nerves,  102,  192 

of  Kpinal  I'ord,  04;^  ft  «^y. 
Refraction,  law-  of,  739 
Refractive  media  of  eye,  ib. 
Regrions  of  body.     6Vr  FrontiBjiii'^e. 
Reniak,  fibres  of,  102 

ganglion  of,  247 
Ri'nal  circulation,  205 

epithelium,  activity  of,  525 
oncometer,  524 
Rennet,  4^6 

Reproductive  organs,  776  et  stq. 
Requisites  of  diet,  5C9 
ResiTve  air,  345 
Residual  air,  if*. 
Respiration,  ,^28 

abdominal  "type,  341   • 

alteration    in    sitmospheric    prescure. 

breathing  or  tidal  air,  345 
chemistry  of,  «>3 
effect  on  circulation,  353 
gases  in  relation  to,  301,  365 
intluenc««  of  nervous  nystem,  358 
mechaiUHm  of,  337  tC  keq, 

nervous,  348 
movements,  337 

of  vocal  cords  in,  718 
quantity  of  air  changed,  345 
Respiratory  acta,  special,  ^^2 
apparatus,  320 

development  of,  839 
capacity  of  chest.  345 

circumstances  aifV*(tin;r,  34^) 
movements  of  glottis,  344 

mctho<ls  of  recording,  341 
muscles,  338  et  neq. 
nerve-centre,  348 
rate,  346 

relation  to  pulse  rate,  ih. 
sizf  of  animal,  ib. 
relation  to  will,  348  et  neq. 
rhythm,  m 
sounds,  ih. 
Restifonn  bodies,  <)i8,  ()22 
Rete  testis,  778 
Reticulum,  8 
Retiform  tissue,  50 
Retina,  732 
blind  spot,  752 
blood-vessels,  738 
changes  in,  during  activity,  764 
duration  of  impression  on,  754 

of  after-sensations,  /^. 
excitation  of,  752 
focal  di8tan<!f  of,  743 
fovea  centralis,  732 


S^KCOSTYI.KN. 

Retina — continued. 
fuDctioDs  of,  752 
image   on,    how    formed     distinctly, 

,   "^' 
wy««,  733 
I        ora  seiThta,  732 

pigment-cells,  106,  107 

movement  «if,  7^5 
pigments  of,  764 
in  relation  to  single  vision,  766 
fltnictnre  of,  732 
visual  purple,  764 
j    Retractor  lentis  muscle,  747 
'    Rheochord,  172 

Poggendorf's,  i""3 
Rheoscope,  physiological,  149,  158 
Rheoscopic  frog,  148 
Rheotome,  145 

Rhythmicality  of  movement,  107,  157 
Rigor  mortis,  1 54 
affects  all  classes  of  muscles,  154,  1591 
phenomena  and  cauws  of,  159 
Ritter's  tetanus  ii:o 
;    Rods  and  conei,  730 
I    Uolandic  area,  655 
!       injury  of,  ib. 

Roy  s  canliometer,  241 
oncograph,  503,  304 
oncometer,  303,  318 
'        t'>non)et«*r,  253 
Kurnin:ition,  ^o^ 


Saceharic  acid,  376 

Saccharoses,  374 

St.  Martin,  Alexis,  case  of,  507 

Saccule,  703 

Salathe,  effect  of  gravity  on  the  circula- 
tion, 287 

Saliva,  458 
action  of,  465 
composition,  464 
process  of  secretion,  xb. 
reflex  secretion,  ib. 
secretion    following    btimulation    of 


ner>'e8,  301,  4(4 
Salivary  glands,  458 

development  of,  838 

extirpation  of,  464 

influence  of  nervous  system,  462 

secretory  nerves  of,  4(^1 
effect  of  section  of,  ib. 

structure,  458 
Sanderson's  cardiograph,  232 
Sanson's  images,  744 
Saponification,  380,  476 
Sarcolemma,  85 
Sarcomeres,  89 
Sareoplasm,  87 
Sarcoityle«,  ib. 
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ScUaFBR's   PLBTHYBMOOICAPH. 

Schafer's  heart  plethygmograph,  254 

views  regarding  the  fimction  of  the 
Roland  ic  area,  664 
Schemer*  8  experiment,  746 
Schematic  eye,  740 
Sclerotic,  725 

development  of,  834 
Sebaceous  glands,  559 
Secreting  glands.  454  et  neg. 

claaaification  or,  4^6 
Secreting  membranes.     <S«^MueouA  and 

Serous  membranes. 
Secretion,  internal,  313 

of  kidney,  520 
pancreas,  480 

suprarenal,  326 

thyroid,  324 
Secretory  nerves,  161 
of  salivary  glands,  461 
effect  of  section  of,  ih. 
Segmentation  of  cells,  79* 

in  chick,  793 
ovum,  791 
Sella  turcica,  810 
Semen,  780 

filamentrt  or  8j>crmato/oa,  78 1 
Semicircular  canuls  of  oar,  C69 

development  of,  8^5 
Semilunar  valves.     See  Heart  vnlvci*. 
Seminiferous  tubules,  778 
Sensation,  674  et  seq. 

conception,  675; 

homologous  stimuli,  677 

nerves  of,  161 

pain,  676 

perception,  675 

subjective,  O77 

tactile,  663,  675 
Sense,  orjjnns  of,  development,  835 
Sciisori-motor  area,  664 
Sensory  areas  in  cerebral  cortex,  C5O 
Sensor}-  impressions,  conduction  of 

by  Hpinal  cord,  641 

in  brain,  ()()2    IM)^ 
Sensory  nerve-endinjjs  in  muscle,  682 
Serous  membranes,  mb,  455 
Serum, 

albumin,  3H5,  400 

of  blood,  3^)5,  3(>8 

globulin,  4(X) 
Seventh  cerebnil  neive,  ()li 
S<'X,  influence  on   rcspinitorv  caj)acitv, 

,  34<> 
Sexual  or^^ans  in  tlic  female,  782 

in  the  male,  "() 
Shenin'jton,  m  inmiMl  ar-tirm  ..f  anta- 

jrouistir  inuM  Ir-^,  (>4.S 
Sighiiif^,  niiThanisiii  o\\  ]^] 
Sight.     .S((  W.um. 
Simple  tuhul.ir  ii]and.'>,  .1;'' 
Sinuhrs  (A'  VaU.ih.i.  2n^ 
Sinus  [■(.(  iilaii^.  S):; 

uro-^'i'Mitali>.  S  17 


Spinal  aocsbsort  nbbw. 

Sixth  cerebral  nerve.  610 
Skeleton.    See  l-'rontiapiece. 
Skin,  554 

abioiption  by,  ^60 

demm,  ^55 

epidermis  of,  554 

functions  of,  560 

papillae  of,  556 

respiration,  560 

rete  mucosum  of,  554 

sebaceous  glands  of,  559 

secretions,  561 

sensor}'  nerves  of,  348 

sweat,  561 

sweat-glands,  559 

varnishing  the,  ^ix^ 
Small  intestine,  432  et  »eq,      Set  In- 
testines. 
Smell,  sense  of,  6^  (jaee  663) 

anatomy  of  regions,  t*. 

delicacy  of  sense  of,  697 

test*  for,  696,  697 

varies  in  different  animal tt,  694 
Smith's  perimeter,  759 
Sneezing,  mechanism  of,  352 
Snoring,  mechanism  of,  353 
Soap,  381 
Sobbing,  ^53 

Solitary  glands.     See  Fever's  patches. 
Somatopleur,  796,800 
Sonorous  vibrations,  how  communicated 
in  ear,  706  et  aeq, 

in  air  and  in  water,  706.     See  Sound. 
Soret's  baud,  421 
Sound. 

conduction  by  ear,  706 

heart,  228 

production  of,  720 
Soup,  value  a»  f«iod,  453 
>  paces  of  Fontana,  732 
Speaking,  mechanism  of,  722 
Special  senses,  678  et  aeq. 
Spectroscope,  418  et  uq. 
Speech,  711,  722 

defects  of,  723 
Speech  centre,  662 
Spermatoblasts,  779 
Spermatogenic  <'ella,  ib. 
Spermatozoa,  780 

form  and  structure  of,  ih. 
Spherical  aberration,  749 

correction  of,  ib. 
Sphincter  ani.     See  Deftecation. 


pupilljT,  730 
phygmogi 


Sphygmographs,  262,  263 

264  tt  fit  a. 
Sj)h)gnioinetcr,    Hill    and     Bamanl't, 


tracings,  264  tt  .srq. 
'j)lngnK>in( 
288,  289 


Sphvgmoscope,  Anderw)n  Stuart>,  2"7 

278  ' ' 

Spinal  accessory  nerve,  ()r2 
fuiu  lions  of,  613 
origin,  if>. 


INDEX. 


869 


Spinal  cord. 

Spinal  cord,  588 

canal  of^  ib. 

centres  in,  650,  651 

oolunins  of,  590 

oommiasiires  of,  589 

conduction  of  impresnonfl  by,  64 1  et  uq. 

oonrse  of  fibres  in,  594 

development  of,  82b 

tiaeures  and  furrows  of,  589 

functions  of,  641  et  seq, 
of  columns,  J98 

grey  matter,  loo,  590 
cells  in,  591 

hemisection,  600,  641 

injuries  of,  6di,  645 

membranes  or,  S87 

morbid  irritability  of,  648 

nerves  of,  594 

reflex  action  of,  643  et  seq. 
inhibition  of,  644 
in  frog,  i*.,  652 
in  man,  645 
superficial,  646 

regions  of,  601 

special  centres  in,  650, 65 1 

structure  of,  588  et  »eq. 

tracts,  590,  597,  641 

transverse  section  of,  599 

white  matter,  186,  590 
tracts  in,  592 
Spinal  nerves.  165 

functions  of  roots  of,  165 

origin  of,  165  et  seq. 

physiology  of,  166 
Spindle-shaped  cells,  474 
Spirem,  18 
Spirometer,  345 
Splanchnopleur,  796,  800 
Spleen.  314 

development,  839 

functions,  316 

influence  of  nervous  system  upon,  319 

Malpighian  corpuscles  of,  316 

pulp,  314 

structure  of,  to, 

trabecul®  of,  t^. 
Spongioblasts,  734,  826 
Spongioplasm,  9 
Spot,  germinal,  786 
Staircase  phenomenon,  124,  251 
Stannius'  experiment,  248 
Stapedius  muscle,  700,  708 

developmeut  of,  814 
Stapes,  700 

development  of,  i'  14 
Starch,  378 
Starvation,  571 

effects  of,  572 
Steapsin,  ^75 
Stearic  acia,  380 
Stearin,  379 
Stercobilin,  491,  532 
Stethographs,  342,  343 


SY8TOLB  OF    HEART. 

Stewart's  diet- table,  443 

experiments  on    the  output  of 
heart,  241 
Stimulants  as  accessories  to  food,  433 
Stimuli,  varieties  of,  15,  109 
Stolnikow,  measurement  of  the  heart's 

output,  240 
Stomach,  428 
I       blood-vessels,  432 
I       development,  836 
digestion  in,  470 
gUnds,  430 
lymphatics,  431 
I       movements,  506 

influence    of  nervous    i^ystem  ou, 

mucous  membrane,  430 
muscular  coat,  429 
I       nerves,  4  w 

peritoneal  coat.  429 
secretion  of.    ae^  (iastric  juire. 
j       submucous  coat,  430 
structure,  429 
Stomata,  25 

Stratum  granulosum,  555 
I       intermedium  of  Hanhovcr,  80 
lucidum,  555 
Striated  muscle,  86  et  seq.    See  Muscle. 
Stroma,  401,  782 
Stromubr,  Ludwig's,  256 
Structure  of  cells,  9 
Stuart's  sphygmoscope,  277,  278 
Submaxillary  gland  of  dog,  463 
Submaxillary  and  sublingual  glands,  461 
Substantia  geUtinosa  of  £U>lando,  6 1 6, 61 7 

nigra,  621 
Subthalamic  area,  629 
Succus  entericus,  477,  512 

functions  of,  477 
Sucroses,  374 
Sufi;ar.    See  Dextrose. 
Sulphates  in  urine,  545 
'    Superior    laryngeal    nerve,    effects   of 
I  stimulation  of  cut,  348 

olivary  nucleus,  619 
{    Supra-renal  capsules,  324 

development^  847 
I       function,  320 
I       structure,  324 
I    Sustentacular  cells,  778 
I    Swallowing,  504 
I       centre,  505 
I       fluids,  506 

nerves  engaged,  505 
Sweat  glands.     See  ^iii. 
,    Swim-bladder  of  fishes,  369 
I    Synovial  fluid,  secretion  of,  455 

membranes,  ib, 
'   Syntonin,  386 
Syringomyelia,  642 
Systemic  circulation,  204.     See  Ciroula- 

tion. 
Systole  of  hearty  224 
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Tuotile  end  organs,  678 

sensibility,  063,  (>84 
variations  in,  685 
Taite,  tense  of,  688 

olusftitication  of,  69.^ 

connection  with  hmcll,  688 

delicacy  of,  694 

nerves  of,  091 
Taste-buds,  ih. 
Taurine,  490 
Taurocholic  acid,  ib. 
Teeth,  70 

development,  77 

eruption,  times  of,  71 

structure  of,  72  et  seq. 

temporary  and  permanent,  70  et  seq. 
Tegmentum,  620 
Temperature,  579 

average  of  body,  580 

changes  of,  effVcts,  q8o  et  ieq. 

circumstances  modifying,  584 

of    cold-blooded    and    warm-blooded 
Hnimals,  ^80 

in  disease,  t^. 

lofrM  of,  584 

mbintenance  of,  580 

of  Mammalia,  birds,  etc..  ib. 

regulation  of,  58^  et  seq. 

sensation  of  variation  of,  687.     See 
Heat. 
Tendon-reflexes,  646 
Tension,  arterial,  in  asphyxia,  361 
Tensor  paint  i  muscle,  707 

tympani  must^le,  700 
action  of,  708 
Testicle,  770 

development,  845 

descent  of,  ib. 

structure,  776  et  seq. 
Tetanus,  127 

Hitter's,  180 

voluntarj',  128,  158 
Thalamencophalon,  606,  831 
Thalumi  optiri,  627 

Theobromine,  in, 

Thonia-Zei88  lijcmacytonietor,  409 

Thoracic  duct,  216 

innervation  of,  310 
Throat  deafness,  707 
Thrombin,  39"  398,  413 
Tliymus  gland,  320 

development,  839 

function,  322 

structure,  320 
Thyrco-antitoxin,  324 
Thyro-arytenoid  muscles,  714 
Thyroid  cartilage,  711 
Thyroid  gland,  32? 

development,  839 

function,  322 

structure,  ih. 
Thyro-iodin,  324 


UnICELLULAB.  OKOANIK9I8. 

Tigerstedt,  measurement  of  the  heart*! 

output,  240 
Timbre  of  voice,  721 
Tiuue-resuirution,  363,  2f>) 
Tongue,  688 

action  in  deglutition,  504 . 

epithelium  of,  692 

papillae  of,  69J 

parts  moAt  ck'nsitive  to  ta»te,  691,  (J92 

structure  of,  688 
Tonometer,  Roy's,  253 
Tonsils,  426 
Tonus,  136,  649 
Torsion,  810 
Touch,  678  et  sfq. 

muscular  senKC,  687 

sense  of  locality,  fj84 
of  pressure,  68^> 
of  temperature,  (^87 

tactile  end  organs,  t)78 
Touch- corpuscles,  67(> 
Trabecula)  cranii,  812 
Trachea,  32*) 
Tract  of  (towers,  5</) 

of  Lissauer,  ib. 
Tr-uts  in  the  spinal  cord,  597,  642 
Transmission  myograph,  129  (we  169) 
Traube-Hering  eunres,  2<)9,  357,  525 
Tricuspid  valve,  201 
Trigeminal  nerve,  61 1 

function,  ib. 

origin  of,  i^. 
Trochlear  nerve,  610 

origin  of,  ih. 
Trommer's  test,  375 
Trophic  nerves,  161 

intiuence  of,  774 
Trypsin,  action  of,  475 
Trypsiuogen,  474 
Tubercle  of  Uolando,  61 6 
Tubuli  Hcminiferi,  778 

uriniferi,  ^idet  seq. 
Tubulo-racemose     or     tubulo  -  aciooai 

glands,  456 
Tunica  albuginea  of  tcaticle,  770 

darto!*,  94 

propria,  670 

vaginalis,  845 

vasculoBa,  729 
Tympanum  or  middle  ear.  698 

development,  835 

membrane  of,  698 

muscles  of,  700 

structure,  ib. 
Tyrosine,  479 


U. 

Umbilical  arteries,  808,  8iO 

cord,  802,  808 

vesicle,  798,  802 
Unicellular  organisms,  6 
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I'nipolar  xf.uve  cella. 


Vkntricles  of  hbaut. 


Unipolar  nerve  celU,  188 
Unorganiaed  ferments,  392 
Urachiit,  807 
Unemia,  536.  563 
Urate  of  sodium,  548 

^'rea,5.U       ,  .       . 

apparatus   for    estimating   quantity, 

,534;  535  .  .       , 

chemical  comnosition  of,  533 
formation  of,  by  liver,  487,  «;37 
isomeric  with  ammonium  cyanate,  533 
quantity,  535 

Ureters,  520 

Urethra,  521 

Uric  Jicid,  540 

condition  in  which  it  exists  in  urine. 

542 
depodit  of,  548 
forms  in  which  it  is  deposited,  540, 

548  , 

origin  of,  541 

presence  in  the  spleen,  317 
proportionate  quantity  of,  541 
tests,  450 
Urina  potus,  532 
Urinary-  anpnratus,  513  */  «^. 
Urinary  bladder,  520 
development,  847 
nerves,  521 
structure,  ib. 
Urinary  deposits,  547  et  seq. 
Urine.  531 
analysiH  of,  533 
bile  in,  553 
blood  in,  id. 

chemical  sediments  in,  550 
colour,  ^31 
composition,  533 
cystin  in,  549 
expulsion,  530 
flow  into  bladder,  ib. 
hippuric  acid  in,  542 
inorganic  constituents,  544 
mineral  salts  in,  545 
mucus  in,  546 
pathological,  550 
phosphates  in,  546,  549 
physical  characters,  531 
pigments,  ib. 
pus  in,  554 
quantity,  531 

varies  with  blood -pressure,  523 
reaction  of,  532 

in  different  animal»,  ib. 

made  alkaline  by  diet,  ib 
saline  matter,  533 
solids.  531 
specific  i^ravity  of,  532 

variations  of,  ib. 
■ugar  in-  551  ei  tef. 

tests  for  estimating,  552 
tests  for  inorganic  salts  of,  547 

urates,  548 


Urine — continued. 

^r«^»»  553 

uric  acid  in,  540 
Urobilin.  491,  493,  532 
Urobilinogen.  532 
Urochronie,  532 
Tro-erj-thrin,  548 
Uterine  milk,  803 
Uterus,  787 

change  of  mucous  mcmbrune  of,  787 

development  in  pregnancy,  787 

follicular  glands  of,  </>. 

structure,  ib. 
Uteru8  masculinus,  845 
Utricle,  703 

V. 

Vagina,  development  of,  845 

Vagus  nerve.     *SW  Pneumogastric 

Vagus  pneumonia,  776 

Valves  of  heart,  201.     See  Ileart. 

Valvula)  conniventes,  435 

Vas  deferens,  777,  780 

Vasa  efferentia  of  testicle,  778,  780 

Va^a  vasorum,  208 

Vascular  system,  development  of,  815 

in  asphyxia,  35q 
Vajio-constrictor  nerves,  292 
V:uio-<Hlatator  nerves,  294 
Vusc»-motor  nerves, 

distribution  of,  292 

effect  of  section,  292  ei  neq. 

experiments  on,  301 

influence  upon  blood -pressure,  ^S 
Vaso>motor  nerve-centres,  291,  358,  651 

nervous  system,  290  et  neq. 

reflex  action,  209 
Vegetables  as  food,  442,  451,  453 
Vegetable  cells.  6 

protoplasmic  movement  in,  13,  14 
Veins,  208 

cardinal,  822 

circulation  in,  269  et  mq. 
velocity  of,  257 

collateral  circufation  in,  208 

development,  821 

distribution,  208 

pre&4ure  in,  290 

rhythmical  action  in,  270 

structure  of,  209 

umbilical,  8io8 

valves  of,  209  et  seq. 
Velocity  of  blood  in  arteries,  25^ 
in  capillaries,  257 
in  veins,  257 

of  circulation,  258 

of  nervous  force,  169 
V•na^  advehentes,  821 

revehentes,  ib. 
Ventilation,  370 
Ventral  cerofiellar  tract,  ^99 
Vcn  tricles  of  heart.     See  Heart. 
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Ventricular  diastole. 

Ventricular  diii8t«»le,  224,  255 

systole,  224,  225 
Ventriloquism,  722 

Yeratrine,  effect  of,  on  muscular  con- 
traction, 125 
Vermicular  movement  of  intestines,  51 1 
Vertebrae,  development  of,  800 
Vesicle,  germinal,  786 
Vcfiiculaj  seminalcs,  780 
Vestigial  fold  of  Marshall,  823 
Vibrations,  convt?yance  of  to  auditory 

nerve,  706  et  seq, 
Vierordt's  bu'matochumeter,  257 
Villi  in  chorion,  function  of,  to7 

of  intestines,  4^ > 
Visceral  clefts  and  arches,  development 
of,  812  etniq. 

connection  with  cnmial  nerves,  815 
Visceral  mesobbist,  7«)6 

plates,  7y8 
Virtion,  7  2d 

an^h*  or,  741 

ut  different  distiuiecs,  adaptation  of 
eye  t(>,  743  ff  snj. 

corpora  quadrigemina,  the  principal 
nerve-eentres  of,  621 

correction  of  aberration,  749  ft  aeq. 
of  inversion  of  image,  771 

defects  of,  747  el  »eq. 

distinctnesi*,  how  secured,  773  ei  »eq, 

duration  of  sensation  in,  754 

estimation  of  the  size  and    form  of 
objects,  771,  772 

focal  dirttani'j!  of,  743 

impaired  by  lesion  of  fifth  niTvo,  775 

single,  with  two  eyes,  766  et  neq. 
Visual  area,  (ih2 

judgments,  771  ^^  a<"//. 
Vis\ial  purple,  736,  704 
Vitellin,  440 
Vit*'lline  duct,  837 

membrane,  785 

spheres,  ib. 

veins,  815 
Vitreous  humour,  725,  738 
Vocal  «'ord.H,  7 1 1,  717 

uetinii  in  respiratory  actions,  718 

approximatiDn  of,  effect  on  height  of 
note,  \h. 

vibrationfi  of,  raufu^  voice,  718,  720 
Voict',  711,  720 

ran  If  r  of,  721 
Volknii'TUis  hiiinadroinomf'ter,  257 
Voluntary  musrl*-,  85  rf  .\nj. 

nervi's  t^^,  «)^ 


Zymooen. 

Voluntary  tetanus,  128,  158 
Vomiting,  J509 

action  of  stomach  in.  510 

centre,  t^. 

nerve  actions  in,  ib. 

voluntary  and  acquired.  V». 
Vowels  and  consonants.  722 


Wallerian  degeneration  method,   164, 

167,  593 
Waller  s  apparatus  for  gaa  anal jait,  372 
Water  hammer  pulse,  261 
Wave  of  blood  causing  the  pulse,  ih. 

velocity  of,  ib. 
Webcr-Feehner  kw,  676,  686 
Weber's  paradox,  135 
Weight,  induence  on  capacity  of  respi* 

ration,  340 
Whey  proteid,  445 
Wliite  eorpusi'les.  Ste  Blood-corpuMlea, 

whitf ;  and  Lvmph-eorpusclet. 
Wlute  fibro-cartilage,  55 

fibrou»  tissue,  JL4 
Wolthan  bodies,  041  et  *eq. 

duet,  841 
Word-centres,  723,  724 
Wonns,  eirculator}'  system  in,  222 


Xanthine,  ^[17,  321,  542 

I)resenre  in  the  spleen,  317 
Xantho-proteic  reaction,  383 

Y. 

I    Yawning,  353 
Yellow  elastic  tibn',  4^) 

tibro-eartilngc,  ^(t 

spot  of  Somnu'ring,  732 
Yolk-sir,  S02,  803  et  *eq. 
Yolk-spherules,  785 
Young-Helmholtz  theory,  761,  763 

Z. 

Zona  jH^Uurida,  785 

Zonule  o!  Zinn,  7^^* 

Zuntz,  "iutput  of  the  heart .  241 

/\niogfn,  }f  o,  4<i7 
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